DR.  LOUIS  COBBETT 
Dr.  Louis  Cobbett,  a  distinguished 
pathologist  and  bacteriologist,  was  taken 
ill  on  Sunday  at  his  home  at  Cambridge 
and  died  in  hospital  yesterday  at  the  age 
of  85. 

Louis  Cobbett  was  born  in  1862  and  was 
educated  at  Lancing  and  Trinity  College,  Cam- 
bridge. After  leaving  Cambridge,  where  he  had 
come  under  the  influence  of  Sir  George  Hum- 
phrey, he  went  to  St.  Thomas's  Hospital, 
obtaining  the  Conjoint  Diploma  in  1890,  the 
Fellowship  of  the  Royal  College  of  Surgeons 
in  1891,  and  the  Cambridge  M.B.  in  1892.  He 
was  house-surgeon  to  the  late  Sir  William 
MacCormac.  He  took  the  M.D.  degree  in  1899 
with  a  thesis  "  On  the  nature  of  the  action  of 
antitoxin." 

He  returned  to  Cambridge  in  1892  and  be- 
came  demonstrator  of  pathology  under  C.  S 
Roy,  the  first  Professor  of  Pathology  in  the 
university,  in  1893.  In  1894  he  resigned  the 
demonstratorship  and  became  John  Lucas 
Walker  student,  a  post  he  held  till  1897.  In 
1894  he  became  interested  in  diphtheria,  especi- 
ally in  the  production  and  effects  of  antitoxin 
and  in  the  cultural  characteristics  of  the 
diphtheria  bacillus,  and  during  the  next  few 
years  published  several  important  papers  on 
these  subjects.  In  1900-1  considerable  out 
breaks  of  diphtheria  in  Cambridge  and  Col- 
chester gave  him  the  opportunity  of  tracing  the 
spread  of  the  disease  by  the  examination  of 
school  and  other  "  contacts."  He  not  only 
investigated  the  virulence  of  cultures  from  all 
patients  arid  infected  contacts  but,  in  order 
to  check  the  spread  of  the  disease,  arranged 
for  the  isolation  of  the  latter  till  the  bacilli  had 
disappeared  from  their  throats  and  noses 
Those  were  the  first  large-scale  investigations 
of  their  kind. 

In  1902  he  was  appointed  scientific  investiga- 
tor to  the  Royal  Commission  on  Tuberculosis 
with  charge  of  one  of  the  experimental  farms 
at  Stansted.    The  well-known  results  of  his 
work  there  were  published  in  an  appendix 
(1907  ;  1,200  pages)  to  the  Royal  Commission's 
report.   For  about  a  year  (1906-7)  he  held  the 
Professorship  of  Pathology  in  the  University 
of  Sheffield  and  then  returned  to  Cambridge  in 
1908  on  his  appointment  to  the  University  Lec 
tureship  in  Pathology,  a  post  he  held  till  1929 
During  this  period  he  taught  with  great  enthu 
siasm  and  published  many  papers,  chiefly  on 
the  mode  of  spread  of  tuberculosis.   After  re 
tiring  from  the  lectureship  he  worked  in  the 
department  of  pathology,  mainly  on  the  bac 
teriology  of  tuberculosis,  and  gave  courses  6f 
lectures  to  students  taking  Part  II  of  the 
Natural  Sciences  Tripos  in  Pathology. 

Cobbett  was  remarkable  for  his  kindly  dis 
position,  his  keenness  in  teaching,  his  interest 
in  and  kindness  to  the  junior  assistants  in  the 
department,  and  his  enthusiasm  in  discussing 
every  subject  in  which  he  was  interested.  He 
was  unmarried. 
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PREFACE. 


By  this  work  I  have  endeavoured  to  fill,  in  some  degree,  a 
lacuna  in  the  modern  literature  of  Pathology, — a  literature 
which  has  of  late  years  grown  to  such  an  extent  that  it  is 
no  longer  possible  adequately  to  treat  General  Pathology  and 
Pathological  Anatomy  in  a  single  text-book  of  moderate  size. 

For  a  variety  of  reasons,  General  or  Experimental  Pathology 
has  always  received  scantier  attention  from  teachers — and  there- 
fore from  students — than  Pathological  Anatomy.  This,  I  believe, 
is  a  serious  mistake  from  the  point  of  view  of  training  students 
for  the  active  practice  of  medicine.  The  practising  physician  or 
surgeon  is  required  not  only  to  observe  facts,  but  also  to  draw 
conclusions  from  those  facts ;  and  just  as  a  study  of  pathological 
anatomy  is  one  of  the  best  modes  of  training  his  powers  of 
observation,  so  a  study  of  general  pathology  is  one  of  the  best 
modes  of  educating  his  reasoning  faculties. 

Neither  branch  of  the  science,  however,  must  exclude  the  • 
other,  for  pathological  anatomy  alone  would  tend  to  convert  the 
student  into  a  storehouse  of  isolated  facts,  and  general  pathol- 
ogy alone  would  tend  to  convert  him  into  a  mere  theorist. 
Hence  though,  in  the  present  work,  I  have  almost  entirely 
omitted  reference  to  details  of  pathological  anatomy,  this  is  to 
be  ascribed,  firstly,  to  the  exigences  of  space,  and,  secondly,  to 
the  fact  that  text-books  on  pathological  anatomy  are  both  many 
and  excellent.  It  must,  on  no  account,  be  ascribed  to  a  belief 
on  my  part  that  general  pathology  is  the  whole  of  pathology, 
even  for  teaching  purposes. 

The  general  arrangement  of  the  book,  and  especially  of 
Chapter  XIII.,  has  been  a  matter  of  serious  consideration.  I 
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have,  however,  thought  that  the  importance  of  teaching  the  inter- 
dependence of  tissues  outweighs  the  advantage  of  discussing  indi- 
vidual subjects  in  separate  chapters.  I  trust  that  the  synopses 
and  the  full  indexes  will  considerably  reduce  the  disadvantage 
arising  from  the  length  of  some  of  the  chapters. 

The  discussion  of  lymph-  and  cedema-formation  has  naturally 
crept  to  some  length.  My  regret  on  this  score  is  lessened 
because  the  subject  is,  at  the  present  time,  the  great  battlefield 
of  "  vital "  and  "  physical "  theories,  and  is,  therefore,  of  consider- 
able interest  apart  from  its  intrinsic  pathological  importance. 

With  regard  to  the  use  of  names  of  authors,  I  have  also 
experienced  difficulty.  Complete  omission  of  names,  I  believe, 
renders  retention  of  facts  and  arguments  in  the  memory  as 
difficult  as  their  excessive  use.  As  my  book  is  primarily  in- 
tended for  students,  I  have  endeavoured  to  steer  a  middle 
course.  Insertion  of  references  to  original  papers  at  the  end  of 
the  chapters  has  been  restricted,  in  the  main,  to  instances  where 
the  work  is  comparatively  recent,  or  where  the  reference  is  not 
to  be  found  in  easily  accessible  books.  Nevertheless,  literature 
on  any  particular  subject  discussed  in  the  text  can  generally  be 
found  with  ease  by  referring  to  one  of  the  papers  I  have  cited. 

My  information  has,  for  the  most  part,  been  derived  directly 
from  the  original  papers,  but  it  is  needless  to  say  that  Cohnheim's 
Lectures  on  General  Pathology  have  been  laid  heavily  under  con- 
tribution. I  cannot  leave  this  part  of  the  subject  without  ex- 
pressing my  great  obligation  to  Professor  Clifford  Allbutt's 
System  of  Medicine.  Though  I  had  collected  much  of  my  litera- 
ture before  Professor  Allbutt's  volumes  appeared,  it  was  of  the 
utmost  advantage  to  me  to  read  articles  written  by  others,  who 
not  only  had  traversed  the  same  ground,  but  also  were  authors  of 
some  of  the  most  important  investigations  on  the  subjects  they 
treated.  My  only  regret  is  that  no  more  than  Vols.  I. -IV.  had 
appeared  when  my  own  work  went  to  press.  I  have  the  greater 
pleasure  in  referring  to  the  System  of  Medicine,  because  I  am 
thereby,  in  so  many  instances,  acknowledging  my  indebtedness 
to  personal  and  valued  friends. 

The  number  of  those  who  have  actively  helped  me  with 


PEEFACE. 


XI 


advice  and  criticism  is  so  great,  that  the  limits  of  a  preface  do 
not  allow  me  to  name  them  individually.  But  I  must  make 
special  mention  of  the  late  Professor  Koy,  whose  teaching  upon 
the  Pathology  of  the  Heart  is  the  basis  of  my  chapter  on  the 
subject;  of  Dr  Howship  Dickinson,  whose  help  in  connection 
with  the  subject  of  Orthopncea  has  been  especially  valuable ;  of 
Professor  Schafer,  who  kindly  placed  at  my  disposal  proofs  of 
his  Text-Book  of  Physiology  for  Advanced  Students ;  of  Dr 
Pembrey,  who  criticised  and  suggested  many  improvements  in  my 
chapter  on  the  Pathology  of  Heat  Eegnlation;  of  Dr  Lorrain 
Smith,  who  showed  me  the  same  kindness  with  regard  to  the 
Pathology  of  Kespiration.  To  one  and  all  of  these  I  tender  my 
hearty  thanks. 

My  indebtedness  to  Mr  W.  L.  H.  Duckworth,  Fellow  of  Jesus 
College  and  Lecturer  on  Anthropology  in  the  University  of 
Cambridge,  I  cannot  adequately  express.  Eesolutely  adopting 
the  student's  point  of  view,  he  has  read  through  the  entire  work 
in  proof,  and,  in  several  instances,  has  been  able  to  point  out 
ambiguities  of  expression  that  had  escaped  my  notice. 

W.  S.  L.-B. 

London,  March  1898. 
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CHAPTEE  L 
Introduction. 

Pathology  is  the  science  which  treats  of  changes  and  pro- 
cesses in  disease.  It  falls  into  at  least  two  natural  divisions : 
(1)  that  which  deals  with  structure  (Morbid  Anatomy  and 
Histology) ;  (2)  that  which  deals  with  function  (Morbid  Physi- 
ology, or  General  Pathology).  For  the  body  in  disease  must 
be  studied  from  both  of  these  aspects,  just  as  the  body  in 
health. 

Our  knowledge  of  morbid  anatomy  is  more  advanced  than 
our  knowledge  of  morbid  physiology,  just  as  normal  anatomy 
is  more  advanced  than  normal  physiology.  This  must  be  so. 
For  life  and  death  do  not  make  the  same  difference  in  the  case 
of  structure  that  they  make  in  the  case  of  function :  the 
pancreas,  for  example,  has  much  the  same  coarse  anatomy 
whether  living  or  dead,  but  with  its  death  its  physiology  ceases. 
Function  is  bound  up  with  life ;  and  since  life  means  incessant 
change,  examination  of  function  is  difficult  or  impossible  in 
many  cases,  where  examination  of  structure  is  easy. 

But  this  is  not  all.  Function  is  more  complicated  than 
structure.  Structure,  so  to  speak,  obtrudes  itself  on  our  notice  ; 
while  function  may  hide  itself  away,  and  only  be  discovered 
after  long  searching.  The  liver,  gall-bladder,  hepatic  ducts,  and 
bile  were  evident  to  the  ancients ;  and  it  was  natural  that  bile 
formation  should  early  have  been  recognised  as  a  function  of  the 
liver.    But  a  lapse  of  more  than  two  thousand  years  separates 
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this  discovery  from  that  of  Claude  Bernard,  which  taught  us 
that  the  liver  has  other  functions.  Now,  we  believe  that  the 
liver  forms  sugar,  plays  a  great  part  in  proteid  katabolism, 
destroys  or  excretes  many  bacterial  and  other  poisons;  we  are 
a  little  nearer  than  the  ancients  to  a  full  knowledge  of  hepatic 
function,  but  still  a  great  way  off. 

Health  and  Disease.— The  definition  with  which  the 
chapter  was  opened  may  be  taken  as  an  index  of  the  kind  of 
difficulty  with  which  we  shall  constantly  meet  in  the  following 
pages.  The  definition  itself  is  straightforward  and  accurate; 
but  what  is  disease  ?  It  is  easy  to  reply  that  disease  is  the 
converse  of  health ;  but  what  is  health  ?  Health  itself  is  a 
sum  of  variables, — indeed,  in  normal  physiology  we  speak  of 
"  variations  consistent  with  health."  And  if  health  is  a  sum 
of  variables,  what  must  be  the  case  with  disease,  embracing  as  it 
does  every  conceivable  condition  which  is  not  healthy,  whether 
it  be  on  the  side  of  insufficiency  or  of  excess  ?  In  many  points  the 
variables  of  health  and  of  disease  overlap.  If  we  meet  with  a 
man  in  whose  urine  we  find  sugar,  we  at  once  declare  him  to  be 
the  subject  of  disease,  and  in  the  vast  majority  of  cases  we  shall  be 
right.  But  under  certain  circumstances  a  man  in  perfect  health 
may  excrete  as  much  sugar  in  his  urine  as  a  diabetic  patient,  and 
perhaps  every  healthy  person  excretes  a  trace  at  all  times.  It  is 
not,  therefore,  strictly  correct  to  say  merely  from  discovery  of  sugar 
in  the  urine  that  the  man  is  a  subject  of  disease.  Nor  can  we 
take  the  presence  or  absence  of  symptoms  as  our  guide,  and  look 
upon  health  as  a  mental  state  from  which  morbid  symptoms  are 
absent ;  disease  as  a  state  associated  with  the  existence  of  morbid 
symptoms.  For  the  man  with  an  aortic  aneurysm  or  bilateral 
paralysis  of  the  abductor  muscles  of  the  larynx  is  still  the  subject 
of  disease,  though  no  symptom  may  give  him  warning  of  the  fact. 
But  it  is  in  the  case  of  chronic  diseases  that  the  absence  of  any 
border  line  between  health  and  disease  is  most  clearly  recognisable. 
In  many  of  them  no  period  can  be  assigned  to  their  onset,  and 
health  passes  imperceptibly  into  disease  just  as  infancy  passes 
imperceptibly  into  old  age. 

It  is  therefore  useless  to  attempt  a  definition  of  "disease"; 
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one  cannot  define  that  which  has  no  limits.  Nor  does  it  aid  us 
to  follow  Cohnheim,  and  "  speak  of  a  disease  where  the  regulative 
mechanisms,  acting  in  opposition  to  one  or  more  vital  conditions, 
are  no  longer  adequate  to  secure  that  the  various  vital  processes 
shall  proceed  undisturbed."  For,  as  Cohnheim  allows,  this  is  but 
a  paraphrase ;  it  simply  amounts  to  an  assertion  that  in  disease 
there  is  disturbance  of  that  state  of  equilibrium  which  we  call 
"  health."  Fortunately,  however,  a  definition  is  the  less  needed, 
since  abnormality  of  structure,  or  of  function,  or  of  both,  in  the 
majority  of  cases  enables  us  with  readiness  to  recognise  the 
existence  of  special  diseases,  though  we  are  unable  to  define  the 
conception  "  disease  "  itself. 

"  Organic "  and  "  Functional "  Disease. — Diseases  are  often 
classified  as  organic  and  functional.  This  is  a  useful — at  pre- 
sent even  a  necessary — clinical  division,  but  it  is  at  the  same 
time  a  cloak  for  ignorance.  It  is  inconceivable  that  an  absolutely 
normal  cell  should  perform  its  function  abnormally.  Hence  it 
must  never  be  forgotten  that  a  functional  disease  is  only  one  in 
which  we  are  at  present  unable  to  correlate  the  abnormality  of 
function  which  we  recognise,  with  a  definite  abnormality  of 
structure ;  the  abnormality  of  structure  is  there,  though  we  can- 
not point  to  it.  When  we  speak  of  organic  disease  we  mean 
that  obvious  structural  changes  exist  upon  which  functional 
changes  depend. 

The  Scope  of  General  Pathology. — It  is  the  duty  of 
general  pathology  to  correlate  symptoms  with  structural  changes 
and  trace  the  connection  between  them.  A  patient,  we  will  say, 
is  suffering  from  shortness  of  breath,  cough  with  bloody  expec- 
toration, pain  in  the  side  on  drawing  a  deep  breath,  dropsy  of 
legs  and  abdomen.  Morbid  anatomy  teaches  us  that  in  cases 
such  as  these  the  right  side  of  the  heart  is  dilated,  the  left 
ventricle  is  perhaps  dilated  and  hyper trophied,  the  flaps  of  the 
mitral  valve  perhaps  thickened  and  irregular ;  it  teaches  us, 
further,  that  there  are  changes  in  the  lungs, — that  a  part  will 
probably  be  found  solid  and  engorged  with  blood, — that  the  pleura 
over  this  part  will  be  inflamed.  Do  the  heart  and  lung  conditions 
and  the  symptoms  stand  to  one  another  as  cause  and  effect  ?  If 
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so,  which  condition  is  primary, — that  of  the  heart  or  that  of  the 
lung  ?  How  have  the  functions  of  heart  and  lung  been  modified 
by  the  changes  in  their  structure  ?  How  have  the  functions  of 
parts  other  than  the  heart  and  lung  been  affected  by  the  altera- 
tions in  these  viscera  ?  This  is  the  kind  of  question  that  general 
pathology  attempts  to  answer.  It  appeals  to  direct  experiment, 
to  morbid  and  normal  anatomy,  to  physiology,  to  pharmacology, 
to  chemistry,  to  physics;  and  with  the  aid  of  these,  and,  if 
necessary,  other  sciences,  it  strives,  however  feebly  and  im- 
perfectly, to  trace  back  symptoms  to  their  causes  and  to  unravel 
the  processes  of  disease. 

Nor  is  general  pathology  of  a  theoretical  interest  only.  It  is 
the  one  sure  basis  for  diagnosis,  for  treatment,  for  prognosis. 
It  is  the  one  sure  basis  for  diagnosis.  A  patient  has  on  the  toe 
a  small  indolent  ulcer  which  has  penetrated  into  the  joint.  He 
knows  no  reason  why  the  ulcer  should  have  appeared ;  he  does 
not  remember  an  injury  to  the  toe ;  and  only  on  close  question- 
ing do  we  find,  perhaps,  that  a  few  days  before  the  ulcer  formed 
he  pared  a  corn  and  drew  a  little  blood.  Without  the  aid  of 
general  pathology  we  should  not  know  what  to  think,  but,  prob- 
ably, since  the  ulcer  looks  trivia],  we  should  regard  it  as  such. 
And  yet  this  would  be  a  grave  mistake,  from  which  a  knowledge 
of  general  pathology  saves  us.  For  general  pathology  teaches  us 
that  ulceration  occurs  when  the  resistance  of  tissues  is  insufficient 
to  overcome  the  effects  of  an  irritant.  A  slight  abrasion,  such  as 
that  which  just  removes  the  epidermis  and  draws  blood,  acting 
upon  a  normal  tissue  would  lead  to  no  ill  results.  In  the  case 
before  us  the  same  injury  or  irritant  leads  to  ulceration.  The 
conclusion  is  inevitable  that  our  patient's  tissues  offer  a  diminished 
and  not  a  normal  resistance. 

We  carry  the  matter  further  back  and  ask  ourselves  the  causes 
of  lowered  tissue  resistance.  We  find  that  they  are  summed  up 
in  the  word  "  mal-nutrition,"  and  that  mal-nutrition  implies 
either  insufficiency  of  blood-supply,  or  perverted  nervous  control 
of  the  tissues,  or  both.  On  further  search  we  find  that,  though 
in  our  patient  there  is  no  evidence  that  circulation  is  specially 
impaired,  there  is  ample  evidence  that  nervous  control  of  the 
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lower  limbs  is  abnormal.  The  patient  walks  with  a  peculiar  gait, 
and  sensation  in  the  feet  is  impaired.  Now  we  are  on  the  right 
path,  and  by  a  similar  process  of  reasoning  we  shall  ultimately 
conclude  that  the  ulcer  is  a  manifestation  of  disease  affecting  the 
afferent  tracts  of  the  spinal  cord.  We  no  longer  look  upon  the 
ulcer  as  trivial,  but  as  having  a  terrible  significance.  General 
pathology  has  guided  us  to  the  correct  diagnosis. 

It  is  the  one  sure  basis  for  treatment.  One  of  the  most  im- 
portant points  to  be  remembered  in  studying  disease — as  in 
studying  health — is  the  inter-dependence  of  tissues,  and  yet  it  is 
a  point  that  is  too  often  ignored.  When  a  simple  ulcer  forms  on 
the  leg  we  often  say  that  the  leg  is  diseased  ;  but  when  the  ulcer 
is  syphilitic,  we  say  that  the  patient  is  diseased.  But  the  body 
generally  is  involved  in  the  case  of  a  simple  ulcer  no  less  than  in  • 
the  case  of  a  syphilitic  ulcer.  To  mention  only  one  point :  the 
afflux  of  blood  to  the  region  of  the  simple  ulcer  cannot  take 
place  without  inducing  a  corresponding  diminution  in  the  blood- 
supply  of  other  parts.  In  both  cases,  therefore,  the  body  generally 
is  affected  as  well  as  the  leg.  But  there  is  a  difference  between 
them  ;  for,  whereas,  in  the  case  of  the  simple  ulcer  the  local  con- 
dition is  primary  and  the  general  condition  secondary,  in  the  case 
of  the  syphilitic  ulcer  the  general  condition  is  primary  and  the 
local  condition  is  secondary. 

Now  the  constant  aim  of  therapeutics  must  be  to  combat 
causes  of  disease ;  in  that  path  and  in  that  path  alone  lies  real 
success.  So  far  as  may  be,  treatment  of  mere  symptoms  must  be 
avoided.  And  just  as  general  pathology  teaches  us  to  concentrate 
our  attention  locally  to  the  cure  of  the  simple  ulcer,  so  it  teaches 
us  that  adoption  of  the  same  course  is  worse  than  useless  in  the 
case  of  the  syphilitic  ulcer.  For  the  simple  ulcer  is  the  prime 
disease,  the  syphilitic  ulcer  is  merely  symptomatic. 

It  is  the  surest  basis  for  prognosis.  A  clinician,  with  vast 
experience  of  his  own  and  the  accumulated  experience  of  ages, 
discerning  by  physical  examination  of  the  patient  that  his  aortic 
orifice  is  contracted,  could  prophesy  the  natural  course  of  the 
disease  without  the  aid  of  general  pathology.  But  at  best  his 
prognosis  would  only  be  a  probable  one,  and  could  only  be 
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derived  from  knowledge  of  similar  cases.    With  the  aid  of 
general  pathology,  however,  he  might  deduce  the  course  of  the 
disease  from  his  knowledge  of  the  relations  between  cause  and 
effect  in  other  parts.    Experience  could  only  teach  him  facts: 
general  pathology  teaches  him  the  principles  and  laws  under- 
lying those  facts.    It  teaches  him  that  when  muscle  is  called 
upon  to  overcome  a  greater  but  not  an  insuperable  resistance,  it 
contracts  with  more  force;  that,  if  the  increased  resistance 
continue  to  act,  the  muscle  hypertrophies ;  that  hypertrophy 
cannot  go  on  indefinitely,  but  only  up  to  a  certain  point ;  and 
that  if  the  resistance  is  insuperable,  after  a  few  abortive  con- 
tractions the  muscle  refuses  to  contract.    With  these  data  he  can 
argue  with  safety  in  the  case  before  him  that  the  left  ventricle 
will  hypertrophy,  and  that  as  long  as  hypertrophy  can  keep  pace 
with  the  increased  resistance  no  symptoms  will  arise,  but  that  a 
time  will  come  when  hypertrophy  lags  behind  and  the  effects  of 
increased  resistance  begin  to  show  themselves,  until  at  last  the 
resistance  becomes  insuperable  and  the  heart  refuses  to  contract. 
He  can  apply  the  data  to  the  urinary  bladder,  to  the  uterus,  or 
to  the  biceps  as  well  as  to  the  heart;  and  the  greater  his 
knowledge  of  general  pathology,  the  more  confidence  will  he  be 
able  to  repose  in  his  prognosis  in  any  individual  case.  Knowledge 
of  a  principle  in  general  pathology  will  often  guide  him  aright 
when  his  own  personal  experience  fails. 

Since,  then,  general  pathology  inquires  into  the  principles  and 
laws  of  disease, — since  it  must  serve  as  the  basis  for  diagnosis,  for 
treatment,  and  for  prognosis, — he  is  the  sound  clinician  who  builds 
his  medicine  or  his  surgery  upon  a  knowledge  of  general  path- 
ology. 

But  there  are  many  subjects  in  connection  with  disease  which 
are  of  great  interest  and  importance,  which  we  are  obliged  to 
recognise,  but  concerning  which  general  pathology  can  offer  no 
explanation,  or  at  best  can  only  offer  theories.  Such,  for  example, 
are  the  effects  of  season,  geographical  and  racial  distribution  of 
special  diseases,  inheritance  in  disease. 

The  Effects  of  Season  upon  Disease. — Medical  statistics 
teach  us  that  typhoid  fever  and  rheumatic  fever  occur  more 
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commonly  during  the  months  of  August,  September,  October, 
November  than  during  any  other  months  of  the  year.  Scarlet 
fever  is  most  common  in  September,  October,  and  November, 
Measles  occurs  most  in  June  and  December,  whooping-cough  in 
spring  and  autumn,  dysentery  in  summer  and  autumn,  epidemic 
diarrhoea  in  summer  and  early  autumn.    The  facts  are  dear,  but 
their  explanation  is  obscure.    The  diseases  which  show  this 
seasonal  prevalence  are,  speaking  broadly,  characterised  by  their 
"  infective "  nature,  and  this  we  have  learned  to  associate  with 
the  presence  of  micro-organisms.    But  of  the  diseases  mentioned 
above  we  can  only  point  to  one — typhoid  fever — in  which  evidence 
as  to  a  microbial  cause  even  approaches  to  scientific  certainty, 
though  it  is  morally  certain  that  most,  if  not  all,  of  the  others 
are  also  caused  by  micro-organisms.    Nor  do  we  know  how  the 
particular  climatic  conditions  act,  though  we  cannot  but  expect 
that  the  two  conditions  most  intimately  concerned  are  tempera- 
ture and  moisture.    We  generally  assume  that  certain  degrees 
of  moisture  and  of  warmth  at  those  seasons  favour  a  multipli- 
cation of  the  micro-organisms,  and  thus  lead  to  the  greater 
incidence  of  the  specific   diseases.    We   ignore  the  personal 
element.    But  there  is  evidence  that  the  body  itself  varies  at 
different  seasons.    Einger   observed  that   the  antagonism  of 
pilocarpin  and  muscarin  in  their  action  on  the  frog's  heart 
varies  in  different  months.    In  summer  months  the  antagonism 
is  always  strong ;  in  winter  months  it  is  very  slight,  or  there 
is  no  antagonism  at  all.    The  antagonism  of  atropin  and  aconitin 
shows  similar  differences.    The  peculiarity  is  due  to  temperature ; 
for,  if  in  winter  frogs  are  kept  for  several  days  at  15 '5  C.  (60°  F.), 
antagonism  becomes  well  marked  and  as  strong  as  in  summer 
months.    Giirber,  too,  found  that  the  livers  of  rabbits  contain 
in  the  summer  months  only  about  one-third  of  the  amount  of 
glycogen  that  they  contain  in  the  winter  months,  and  this 
although  the  food  in  summer  and  in  winter  was  the  same.1  It 

1  In  acute  pulmonary  tuberculosis,  as  I  have  shown  {Lancet,  1891,  vol.  ii.), 
there  is  a  seasonal  variation,  the  patient's  fever  and  the  activity  of  the  disease 
being  greater  in  hot  weather  than  in  cold.  Comparison  was  made  in  this  respect 
between  July  and  January. 
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is  obvious,  therefore,  that  general  pathology  cannot  at  present 
render  us  much  help  in  explaining  the  seasonal  prevalence  of 
certain  diseases. 

Geographical  and  Racial  Distribution  of  Special 
Diseases. — We  have  also  to  acknowledge  that  certain  diseases 
show  special  geographical  and  racial  distributions.  Chorea  is 
said  to  be  unknown  in  China;  granular  kidney  and  renal 
diseases  generally  affect  dwellers  in  the  temperate  zones; 
malaria  and  malarial  fevers  are  principally  found  in  the  tropics. 
Even  in  England  alone  we  see  the  same  differences.  Calculus 
of  kidney  and  bladder  is  more  common  in  Norfolk  than  in 
other  counties;  heart  disease  is  especially  common  in  districts 
which,  from  their  physical  configuration,  are  protected  from  winds 
(Havilland). 

The  influence  of  race  shows  itself  in  the  following  instances. 
The  "  sleeping  sickness "  is  a  disease  of  negroes,  but  they 
are  said  to  be  exempt  from  haemorrhoids  and  varicose  veins. 
Gout  is  "common  in  certain  races  and  communities,  but  very 
rare,  perhaps  non-existent,  in  others.  Eoughly  speaking,  it  is  a 
disease  of  the  ruling  races  and  the  higher  classes ;  of  the  civilised 
man,  not  of  the  savage ;  of  the  white  man,  not  of  the  negro  ;  of 
cold  and  temperate  rather  than  of  hot  climates "  (Beddoe). 
Yellow  fever,  in  the  countries  where  it  is  endemic,  spares 
the  negro  and  attacks  the  foreigner,  especially  the  northern 
European.  But  here  we  have  to  do  with  susceptibility  and 
immunity,  a  subject  so  important  that  it  will  need  special 
discussion. 

Inheritance  in  Disease. — One  of  the  most  certain,  but  at 
the  same  time  one  of  the  most  inexplicable  of  facts  connected 
with  disease  is  inheritance.  There  is  no  doubt  that  insanity, 
hsemophilia,  gout,  rheumatism,  diabetes,  the  occurrence  of  certain 
structural  malformations,  show  a  marked  tendency  to  run  in 
families.  Sometimes  male  and  female  descendants  are  affected 
indiscriminately.  This  is  well  shown  in  a  case  reported  by 
Ebstein,  in  which  there  was  an  inherited  tendency  to  malforma- 
tion of  the  toes  and  fingers.  Below  is  given  the  genealogical 
tree  of  the  family,  the  affected  members  being  marked  with  an 
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asterisk,  and  "  M  "  and  "  F  "  standing  for  "  male  "  and  "  female  " 
respectively. 

Genealogical  tree  of  a  family  showing  inheritance  of  malformation  of 
fingers  and  toes. 
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t  Wife  had  been  previously  married,  and  bore  normal  children  to  her  first 
husband. 

Sometimes  the  transmission  is  of  a  peculiar  kind.  Thus, 
haemophilia  is  a  disease  which  eminently,  though  not  exclusively, 
affects  males,  but  it  is  not  transmitted  by  the  males  of  a  family 
who  suffer,  but  by  the  females  who  do  not  suffer  or  suffer  only 
slightly. 

Genealogical  tree  of  a  hemophilic  family. 1 
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We  must,  therefore,  not  expect  too  much  from  general 
pathology;  it  is  still  groping  in  the  dark  in  many  directions. 
Experience  tells  us  a  multitude  of  facts  for  which  pathology  can 

1  This  is  the  best  "  genealogical  tree  "  in  a  hemophilic  family  I  have  been  able 
to  find.  It  is  recorded  by  Schrey  and  cited  by  Grandidier  (Schmidt's  Jahrbilchcr, 
etc.,  vol.  cxvii.,  1863,  p.  330).  As  Schrey  himself  was  a  member  of  the  family, 
the  record  possesses  especial  claims  to  accuracy.  It  will  be  noted  that  no 
descendants  of  males  are  found  in  the  record  ;  the  reason  of  this  probably  lies  in 
the  fact  that  male  bleeders  usually  die  before  they  have  attained  manhood.  ' '  M  " 
and  "  F,"  as  in  the  previous  case,  stand  for  "male"  and  "female,"  an  asterisk 
marks  a  person  definitely  hsemophilic,  a  note  of  interrogation  marks  a  person  in 
which  the  bleeding  tendency  was  present,  but  only  to  a  slight  degree. 
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as  yet  offer  no  explanation  or  one  which  is  only  in  part  satis- 
factory. This  will  always  be  so,  for  there  are  no  more  difficult 
classes  of  question  to  answer  than  those  which  ask  "  Why  ?  "  and 
"How?" 
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Vegetable  Micro-organisms,  with  especial  reference  to  the 

Bacteria. 


Synopsis. 
I.  Classification  and  Characteristics. 

II.  Vital  Properties  of  Bacteria. 

(i)  Reproduction. 

(ii)  Motility. 


(v)  Products  of  the  Life  History 

of  Bacteria, 
(vi)  Effects  on  Bacteria  and  their 
Products  of  Physical  and 
Chemical  Agents. 


(iii)  Aerobiosis    and    Anarro-  I  (vii)  Variability  of  Bacteria. 

biosis.  (viii)  Symbiosis. 

(iv)  Saprophytism    and    Para-  (ix)  Pathogenicity. 

sitism.  (x)  Specificity. 

It  was  not  until  the  year  1873,  when  Obermeier  discovered  in 
the  blood  of  persons  suffering  from  relapsing  fever  a  minute 
motile  spiral  micro-organism,  that  it  became  necessary  to  refer 
to  these  organisms  in  works  upon  pathology  or  medicine.  It  is 
true  that  so  long  ago  as  1701  Andry  had  suggested  the  causal 
relation  between  them  and  disease;  that  in  1835  Bassi  demon- 
strated that  a  fungus  is  the  cause  of  muscardine,  a  disease  fatal 
to  silkworms ;  that  Davaine  in  1863  claimed  to  have  proved  that 
a  micro-organism,  now  known  as  Bacillus  anthracis,  is  the  cause 
of  a  disease  particularly  fatal  to  cattle  in  certain  portions  of 
Europe ;  and  that  a  little  later  Pasteur  proved  that  "  pebrine/' 
another  silkworm  disease,  depends  upon  a  micro-organism  which 
he  constantly  found  present  in  the  bodies  of  silkworms  sick  with 
or  dead  of  the  disease.  But,  in  spite  of  the  commercial  value  of 
the  results  obtained  by  Bassi,  Davaine,  and  Pasteur,  the  facts  they 
had  discovered  were  isolated,  and,  above  all,  so  far  as  could  be 
seen  at  that  time,  had  no  more  than  a  potential  value  for  human 
pathology.  When,  however,  Obermeier  made  his  discovery,  and 
when  in  1877  Koch  brought  forward  conclusive  evidence  that 
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Davaine's  micro-organism  is  really  the  cause  of  anthrax,  then  it 
became  clear  that  micro-organisms  are  of  more  importance  in 
nature  than  for  the  purpose  of  deciding  mere  theoretical  questions 
such  as  that  of  "  spontaneous  generation,"— a  question  which,  it 
may  be  noted  in  passing,  they  had,  by  the  time  of  which  we  are 
speaking,  conclusively  answered  in  the  negative. 

I.  Classification.1 — The  vegetable  micro-organisms  with  which 
we  are  concerned  are  fungi.  Fungi  have  been  classified  in  various 
ways  by  different  authors.  The  division  which  will  be  adopted 
here  is  that  of  Nageli,  and  is  as  follows : — 

I.  Hyphomycetes,  or  true  moulds. 
II.  Blastomycetes,  or  saccharomycetes  (yeast  fungi). 

/Staphylococcus. 

,,.  .  I  Streptococcus. 

Micrococci  <  iA- 

}  JJiplococcus. 


III.  Schizomycetes,  or  fission!  ^  .lr 
fungi  <  hacillL 


I  Sarcina. 


Spirilla. 

Of  these  groups,  by  far  the  most  important  to  pathology  at 
the  present  day  is  that  of  the  Schizomycetes,  and  they  will 
consequently  receive  the  greater  amount  of  attention  in  this 
chapter.  Since,  however,  many  of  the  characteristics  of  the 
Schizomycetes  are  common  to  the  rest  of  the  fungi,  statements 
made  may  be  taken  as  true  for  the  whole  of  the  fungi,  unless 
anything  be  said  directly  to  the  contrary. 

The  moulds  are  characterised  by  the  existence  of  a  mycelium 
or  branched  network  of  hyphse.  In  some  cases  these  hyphse  are 
divided  into  numbers  of  cells,  in  others  the  organism  is  unicellular. 
The  moulds  form  spores,  which  are  borne  on  the  end  of  aerial 
hyphse.  They  do  not  call  for  detailed  notice  here,  as  but  few  of 
them  are  known  to  be  connected  with  disease. 

The  yeasts  or  torulae,  the  best  known  example  of  which  is 
torula  or  saccliaromyces  cerevisice,  are  budding  fungi.  The  cells 
of  which  the  organism  is  composed  are  spherical ;  though  the 

1  Animal  micro-organisms  which  are  known  or  are  supposed  to  be  connected 
with  disease  will  not  be  considered  in  this  chapter,  but  along  with  the  several 
diseases  with  which  they  are  bound  up. 
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greater  number  of  the  cells  are  of  one  size,  yet  there  is  not  the 
uniformity  of  size  that  one  meets  with  in  the  case  of  the  micro- 
cocci, while  the  torula  cell  is  considerably  larger  than  even  the 
largest  micrococcus. 

Micrococci  are  spherical  organisms,  the  spheres  measuring 
on  an  average  mi7juL  in  diameter.  They  are  divided  into  classes 
according  to  the  manner  in  which  they  grow.  The  staphylo- 
cocci are  so  called  because  they  grow  in  heaps  which  have 
been  likened  to  bunches  of  grapes.  Streptococci  are  so  called 
because  they  form  chains  or  chaplets.  Diplococci  are  very 
closely  allied  to  streptococci,  and,  as  their  name  implies, 
are  met  with  in  pairs;  a  transparent  capsule  surrounds  each 
pair  of  cocci,  which,  however,  is  lost  on  artificial  cultivation  of 
the  diplococcus  outside  the  body.  Sarcinae,  so  called  from  their 
likeness  to  bales  of  wool  tied  in  directions  at  right  angles  to 
one  another,  are  micrococci,  in  which  division  takes  place  in 
three  planes. 

Bacilli  are  rods,  and  it  is  essential  that  one  diameter  should 
be  greater  than  the  other.  The  difference  between  the  two 
diameters  varies  very  greatly  ;  in  the  case  of  B.  prodigiosus,  the  two 
diameters  are  so  closely  alike  that  for  many  years  the  micro- 
organism was  regarded  as  a  micrococcus ;  in  the  case  of  B.  tuber- 
culosis the  average  length  (2*5/x)  is  twelve  times  the  breadth  ('2jul). 
The  actual  size  of  bacilli  varies  very  considerably,  some  of  the 
largest  varieties  being  visible  with  Jin.  objective,  while  most  of 
the  pathogenetic  bacilla  can  only  with  difficulty  be  seen  with  a 
Jin.  objective,  and  require  j^in.  immersion  lens  for  proper 
investigation.  Even  with  this  magnification  and  a  correspond- 
ingly high  eye-piece  the  influenza  bacillus  is  very  minute  (length 
'Of/,)  ;  it  is  the  smallest  pathogenetic  micro-organism  known. 

Spirilla,  as  their  name  implies,  are  spiral  micro-organisms. 
The  number  of  turns  in  the  spiral  is  very  variable.  In  the  case 
of  the  vibriones  the  spiral  nature  is  only  evident  by  so  slight  a 
curve  that  one  of  the  family  V.  cholerce  asiaticce  was  originally 
named  by  Koch  the  "  comma  bacillus " ;  but  on  cultivation 
reversion  may  be  made  to  the  true  spirillar  form.  In  those 
forms  which  are  known  as  spirochseta,  and  which  are  commonly 
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to  be  found  in  water,  as  many  as  thirty  complete  turns  of  the 
spiral  may  occur. 

The  manner  in  which  bacilli  are  arranged  depends  largely 
but  not  entirely  upon  the  rapidity  of  their  growth.  Some  bacilli, 
e.g.,  B.  anthracis,  B.  filamentosus,  have  a  natural  tendency  upon 
artificial  cultivation  to  grow  out  into  long  threads  frequently 
composed  of  scores  of  individual  bacilli ;  others,  e.g.,  B.  typhosus, 
have  but  slight  tendency  to  form  threads,  and  at  utmost  two  or 
three  are  joined  together  end  to  end. 

II.  Vital  Properties  of  the  Bacteria.1 — (i.)  Reproduc- 
tion. One  of  the  most  noticeable  facts  concerning  the  bacteria  is 
the  rapidity  of  their  multiplication.  Under  suitable  conditions  it 
is  so  rapid  that  a  fluid  which  contained  so  few  micro-organisms 
as  to  be  perfectly  limpid,  in  the  course  of  twenty-four  hours 
becomes  cloudy  or  even  quite  turbid  from  the  numbers  present. 
The  methods  of  reproduction  of  the  bacteria  are  essentially  two, 
viz.,  direct  division  and  spore-formation.  In  direct  division 
(it  is  from  the  constancy  with  which  this  characteristic  is 
present  that  the  schizomycetes  or  fission  fungi  are  so  called) 
the  bacterial  cell,  whether  bacillus,  micrococcus,  or  spirillum, 
simply  divides  transversely  into  two ;  these  again  sub-divide 
transversely,  and  consequently  multiplication  after  this  method 
goes  on  in  geometrical  progression.  No  case  is  known  in 
which  a  bacterium  divides  at  a  given  time  into  more  than 
two  segments.  Division  occurs  in  some  cases  by  the  forma- 
tion of  a  slight  constriction  in  the  wall  of  the  micro-organism 
which  divides  it  approximately  into  two  equal  segments;  at 
this  point  a  septum  is  formed  and  division  is  complete ;  in  other 
cases  no  constriction  appears,  but  only  a  septum.  The  two 
daughter  bacteria,  after  growing  to  the  size  of  the  parent  cell, 
again  sub-divide  in  the  same  manner. 

If  the  conditions  for  growth  are  very  favourable,  the  daughter 
cells  may  sub-divide  before  reaching  the  size  of  the  parent  cell. 
Under  these  circumstances  the  final  product  is,  for  a  time,  a 

1  The  term  ' '  bacteria  "  is  a  loose  but  convenient  one,  under  which  are  included 
all  varieties  of  fungous  vegetable  micro-organisms,  excepting  perhaps  the  true 
moulds  and  the  torulfe. 
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smaller-sized  variety  than  the  original ;  but  when,  owing  to  the 
rapid  growth  and  the  consequent  diminution  in  the  amount  of 
nutriment  available,  the  conditions  have  become  less  favourable, 
the  length  of  time  between  two  consecutive  divisions  is  increased, 
the  period  of  growth  previous  to  division  is  longer,  and  the 
healthy  descendant  is  apparently  similar  in  every  respect  to 
the  healthy  parent.  This  condition  is  particularly  noticeable 
among  the  bacilli,  and  the  amount  of  difference  produced  may 
be  remarkable.  In  the  case  of  the  micrococci  it  is  not  known 
to  occur,  and,  therefore,  on  microscopic  examination  all  the  micro- 
cocci in  a  culture  are,  as  has  already  been  said,  of  the  same  size. 
Eapidity  of  growth,  however,  is  not  without  effect  upon  the 
characteristics  of  certain  of  the  micrococci,  viz.,  the  streptococci.  It 
is  frequently  noticed  that  the  number  of  cocci  which  go  to  form 
a  chain  is  less  according  as  the  rapidity  of  growth  is  greater  ; 
moreover,  it  is  obvious  that  the  appearance  of  a  coccus  in  the  act 
of  division  is  similar  to  that  of  a  diplococcus,  and  in  a  rapidly- 
growing  culture  of  streptococci  the  number  of  diplococcus-forms 
is  apt  to  be  greater  than  in  the  case  of  a  culture  which  has  grown 
less  rapidly,  owing  perhaps  to  exposure  to  a  less  favourable  tem- 
perature. 

The  rate  at  which  division  takes  place  in  bacteria  varies  very 
considerably,  and  according  to  a  variety  of  circumstances,  such 
as  composition  of  nutrient  culture-medium,  temperature,  presence 
or  absence  of  oxygen,  etc.  The  consequence  is  that  bacteria  have 
apparently  very  varied  rates  of  growth:  thus  B.  tuberculosis 
requires  several  weeks  to  present  as  copious  a  growth  as  is 
presented  by  B.  subtilis  in  twenty-four  hours.  At  first  sight 
one  might  imagine  that  this  implies  a  difference  in  the  rate  of 
division  of  the  two  bacilli,  quite  apart  from  the  circumstances 
under  which  the  two  micro-organisms  are  placed,  but  it  is  more 
probable  that  the  difference  lies  in  the  fact  that,  whereas  a  highly 
suitable  culture-medium  has  been  discovered  for  B.  subtilis, 
so  suitable  a  medium  has  not  yet  been  discovered  for  B.  tuber- 
culosis, and,  therefore,  that  comparison  in  this  respect  is  not 
justifiable.1 

1  In  the  case  of  B.  subtilis  fission  is  complete  in  about  twenty  minutes.  If 
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So  far  as  the  plane  of  division  is  concerned  micrococci  can 
apparently  divide  in  any  plane ;  amongst  the  bacilli,  division  in 
the  long  axis  has  not  been  proved  to  exist,  though  it  has  been 
described,  but  there  is  no  doubt  concerning  the  frequency  of 
division  in  the  short  axis. 

Eeproduction  by  spore-formation  is  a  special  method  whereby 
the  persistence  of  the  species  is  assured.  It  is  not  known  to 
occur  among  either  the  staphylococci,  streptococci,  or  the  sarcinse, 
occurs  but  rarely  and  in  a  special  form  among  the  blastomycetes, 
is  fairly  common  but  by  no  means  invariable  among  the  bacilli, 
and  is  the  rule  among  the  true  moulds.  From  the  point  of  view 
of  pathology,  spore-formation  in  the  bacilli  is  of  most  importance, 
and  bacilli  have  been  divided  into  two  classes,  sporogenous  and 
asporogenous,  according  as  they  do  or  do  not  form  spores.  As 
examples  of  sporogenous  bacilli  may  be  given  B.  anthracis  and  B. 
tetani,  while  B.  typhosus  and  B.  diphtherial  are  examples  of 
asporogenous  bacilli.  Spores  in  the  case  of  bacilli  are  formed 
"  endogenously,"  that  is  to  say,  in  the  body  and  at  the  expense  of 
the  protoplasm  of  the  bacilli.  They  are  oval  or  occasionally 
spherical,  highly  refractile  bodies,  whose  short  diameter  is 
frequently  greater  than  the  short  diameter  of  the  bacillus  in 
which  they  lie,  and  which  is  therefore  stretched  by  them.  One 
spore  only  is  contained  in  each  bacillus,  and  the  position  which 
it  holds  differs  in  different  species,  but  is  remarkably  constant 
for  the  same  species.  In  most  cases  the  spore  is  central  (B. 
megatherium)  or  slightly  nearer  to  one  end  of  the  bacillus  (B. 
anthracis),  but  in  some  cases  the  spore  is  situated  at  the  extreme 
end  of  the  bacillus  (B.  tetani),  and  gives  rise  to  a  drumstick 
appearance. 

In  the  blastomycetes  the  only  form  of  spore-formation  that  is 
known  is  ascosporous.  In  this  case  one  of  the  spherical  cells 
forming  the  yeast  enlarges,  divides  by  septa  at  right  angles  to 
one  another  into  four  cells,  which  become  rounded  off,  and  finally 
come  to  lie  loose  in  a  sac  (ascus)  formed  by  the  original  outer 
covering  of  the  mother  cell.    In  the  case  of  both  endospores  and 

division  were  to  proceed  in  geometrical  progression  at  this  rate  for  seven  hours 
only,  the  progeny  of  each  bacillus  would  number  over  a  million. 
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ascospores  the  spores  are  set  free  by  the  dissolution  or  bursting 
of  the  membrane — bacillus  or  ascus — which  contains  them. 

In  cultures  of  streptococci,  and  to  a  less  degree  in  cultures  of 
staphylococci,  it  is  frequently  noticed  that  one  or  more  of  the 
cocci  is  larger  and  stains  more  deeply  than  its  neighbours.  It 
has  been  supposed  that  these  large,  darkly  staining  elements  are 
of  the  nature  of  spores,  but  of  this  there  is  at  present  no  proof. 

Concerning  the  conditions  of  spore-formation  but  little  more 
is  known  than  that  it  is  in  most  cases  dependent  upon  the 
presence  of  a  free  supply  of  oxygen,  and  that  by  the  adoption 
of  certain  means  it  may  be  kept  in  abeyance  for  a  longer  or 
shorter  period.  Thus  in  a  broth  cultivation  of  B.  anthracis 
spore-formation  is  far  more  copious  on  the  surface  of  the  fluid 
than  in  the  depth ;  in  fact,  Klein  asserts  that  spore-formation  does 
not  occur  in  B.  anthracis  except  in  the  presence  of  free  oxygen, 
and  therefore  does  not  occur  at  all  in  the  depth  of  a  broth 
cultivation.  Be  this  as  it  may,  it  is  certain  that  by  adding  small 
quantities  of  carbolic  acid  ("04  per  cent.)  or  potassium  bichromate 
to  the  culture-medium,  or  by  growing  the  bacillus  at  an  elevated 
temperature  (42*5°  C),  it  is  possible  to  obtain  a  variety  of  B. 
anthracis  which  for  an  indefinite  number  of  generations  forms  no 
spores  so  long  as  the  artificial  conditions  are  kept  up,  and,  indeed, 
may  have  lost  the  power  of  forming  spores  when  again  transferred 
to  normal  culture-media  and  normal  limits  of  temperature.  No 
case  of  spore-formation  is  known  to  take  place  in  the  animal 
body,  even  in  the  case  of  bacilli  which  are  known  to  form 
spores  readily  outside  the  body.  Schreiber,  whose  work  on  the 
physiology  of  spore-formation  is  the  latest  and  fullest  that  we 
possess,  considers  that  conditions  which  produce  a  sudden  check 
to  a  growth  which  is  going  on  rapidly  and  under  favourable 
conditions,  are  particularly  favourable  for  the  rapid  and  full 
formation  of  spores ;  such  hindering  conditions  are  best  attained 
by  adding  sodium  carbonate,  magnesium  sulphate,  sodium  chro- 
mate,  or  even  distilled  water  to  the  culture  during  growth.  He 
also  finds  that  the  presence  of  oxygen  is  necessary  for  spore- 
formation  among  aerobic  bacteria.    In  the  case  of  sporogenous 

anaerobic  bacilli  this  condition,  of  course,  cannot  come  into  play. 

B 
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(ii.)  Motility. — Many  of  the  lower  forms  of  vegetable  life  are 
actively  motile,  but  the  motility  varies  in  degree  and  in  kind. 
In  the  group  of  organisms  now  under  consideration  motility  is 
only  known  to  occur  among  the  bacilli  and  the  spirilla:  true 
moulds,  staphylococci,  streptococci,  sarcinse  are  motionless  with 
the  single  exception  of  Micrococcus  agilis.  Though  all  spirilla, 
including  therewith  the  vibriones,  are,  at  some  period  or  other  of 
their  existence,  motile,  the  bacilli  do  not  show  a  constant  rule  in 
this  respect ;  thus  B.  typhosus  is  actively  motile,  B.  anthracis  is 
always  motionless.  Motility  in  the  case  of  micro-organisms  is 
carried  out  by  means  of  flagella,  which  are  fine  filaments  attached 
to  the  body  of  the  bacterium  or  to  its  outer  coat.  The  number 
of  flagella  on  a  micro-organism  varies  very  largely,  and  is  by  no 
means  constant  for  one  and  the  same  species,  though  certain 
broad  statements  may  be  made  as  to  the  number  of  flagella  which 
a  given  species  of  bacterium  possesses.  The  length  of  the  flagella 
also  varies,  but  in  most  cases  the  flagella  are  individually  longer 
than  the  bacterium  to  which  they  are  attached,  and  in  many 
instances  they  are  two  or  three  times  that  length.  Speaking 
generally,  the  flagella  of  spirilla  and  vibriones  are  shorter  than 
the  flagella  of  bacilli.  The  degree  of  motility  of  the  micro- 
organism bears  no  evident  ratio  to  the  number  of  the  flagella 
present ;  the  vibriones,  which  are  very  actively  motile,  are  pro- 
vided with  one,  or  at  most  two,  flagella  attached  to  one  end  of 
the  vibrio,1  but  on  the  other  hand  the  sluggishly  moving  B.  tetani 
can  be  seen  on  appropriate  staining  to  be  surrounded  on  all  sides 
by  so  many  flagella  as  to  form  a  somewhat  dense  network.  In 
the  case  of  the  spirilla,  too,  the  same  lack  of  ratio  is  also  visible ; 
though,  as  a  rule,  all  varieties  of  spirilla  are  provided  with  one  or 
two  flagella  at  either  end,  the  difference  in  the  rate  of  progression 
of  different  varieties  of  spirilla  is  very  marked. 

The  motion  which  is  impressed  upon  a  bacillus  by  its  flagella  is 
different  from  that  which  spirilla  and  vibriones  undergo.  The 
bacillus  moves,  as  a  rule,  straight  forward,  but  can  turn  from  side 
to  side  apparently  at  will ;  spirilla,  on  the  other  hand,  rotate  on 
their  long  axes  and  therefore  have  a  cork-screw  movement ;  they 

1  Vibriones  are  occasionally  seen  bearing  flagella  at  both  ends. 
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can  apparently  move  in  either  direction  forwards  or  backwards  ; 
vibriones  move  in  a  zigzag  fashion,  but  this  is  probably  in  nature 
identical  with  the  cork-screw  movement  of  spirilla,  for  the  optical 
appearance  presented  by  a  very  short  spiral  or  rather  portion  of 
a  spiral  (such  as  is  a  vibrio),  when  rotating  on  its  axis,  is  that 
it  is  pursuing  a  serpentine  or  zigzag  course. 

Motility  bears  a  very  close  relation  to  the  age  of  the  culture, 
being  more  active  in  proportion  to  the  youth  of  the  culture.  The 
converse,  viz.,  that  the  older  the  culture  the  less  actively  motile 
the  bacteria,  is  also  true ;  if  a  culture  be  kept  for  some  days,  a 
very  large  and  increasing  number  of  bacteria  is  found  to  be  com- 
pletely motionless,  and  on  staining  the  number  of  bacteria  show- 
ing flagella  is  small.  Besides  age  of  culture,  temperature  and  the 
presence  of  oxygen  have  important  effects  upon  motility.  Lower- 
ing the  temperature  diminishes,  and,  within  certain  limits,  rais- 
ing the  temperature  increases,  the  rapidity  of  movement.  The 
effect  of  oxygen  is  best  seen  in  the  case  of  aerobic  bacteria. 
Most  motile  aerobic  bacteria  are  characterised  by  the  fact  that 
in  broth  culture  a  thick  scum  of  bacteria  forms  rapidly  on  the 
surface  of  the  liquid,  and  that  this  characteristic,  the  motility  and 
the  obtaining  of  oxygen  have  somewhat  in  common,  may  readily 
be  seen  in  the  following  way.  If  a  drop  of  a  broth  culture  of  V. 
cholerce  asiaticce  be  placed  on  a  coverslip  and  this  be  inverted 
over  a  well-slide,  care  being  taken  to  prevent  drying  of  the  drop, 
it  will  be  noticed,  on  microscopic  examination  with  a  high  power, 
that  the  vibriones  are  in  active  movement  and  that  the  general 
direction  of  their  movement  is  towards  the  margin  of  the  hang- 
ing-drop. When  they  have  reached  the  edge  of  the  drop  their 
movement  slackens  and  some  of  them  may  come  completely  to 
rest.  If  such  a  drop  be  left  undisturbed  for  a  quarter  of  an 
hour  or  so,  by  far  the  larger  number  of  the  vibriones  will  be 
found  to  have  collected  at  the  edge  of  the  drop,  where  they  will 
form  a  dense  motionless  or  quivering  mass :  it  is  in  this  situation 
that  the  fullest  opportunity  presents  itself  for  obtaining  oxygen. 
In  the  centre  of  the  drop  fewer  vibriones  will  be  found,  the  motility 
of  which,  assuming  temperature  and  other  factors  to  have  re- 
mained constant,  will  be  practically  unimpaired. 
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(iii.)  Aerobiosis  and  Anaerobiosis. — The  question  whether 
the  growth  of  a  micro-organism  is  better  in  the  presence  or  in  the 
absence  of  oxygen  is  one  of  considerable  importance,  and  has  led 
to  the  formation  of  the  two  great  classes  of  aerobic  and  anaerobic 
bacteria.  Of  these,  so  far  as  is  at  present  known,  the  aerobic 
class  is  the  larger,  but  the  anaerobic  class  contains  many  impor- 
tant members,  such  as  B.  tetani,  B.  cedematis  maligni,  and  the 
bacillus  of  quarter-evil.  The  principal  difference  in  this  respect 
between  aerobic  and  anaerobic  bacteria  is,  that  while  many 
aerobic  bacteria  are  capable  of  multiplying  under  relatively  anae- 
robic conditions,  no  anaerobic  micro-organism  is  capable  of  mul- 
tiplying under  aerobic  conditions.  It  is  true  that  an  aerobe  does 
not  grow  so  readily  under  anaerobic  conditions  as  under  aerobic 
conditions,  but  nevertheless  growth  takes  place ;  but  if  an  anaerobe 
be  kept  under  aerobic  conditions, or  even  if  more  than  the  minutest 
trace  of  oxygen  is  present,  the  anaerobe  completely  refuses  to  grow. 
Bacteria  may  therefore  be  divided,  so  far  as  this  matter  is  con- 
cerned, into  strict  or  obligatory  aerobes,  facultative  anaerobes,  and 
strict  or  obligatory  anaerobes. 

Though  growth  may  be  completely  absent  if  an  aerobe  be  placed 
under  anaerobic  conditions,  or  an  anaerobe  be  placed  under  aerobic 
conditions,  the  aerobe  or  anaerobe  has  not  lost  the  power  of  mul- 
tiplication ;  it  is  only  necessary  for  air  to  be  admitted  to  the  aerobe 
and  to  be  excluded  from  the  anaerobe,  and  growth  will  take  place 
(other  conditions  being  assumed  favourable)  with  great  rapidity. 

The  pathological  importance  of  aerobiosis  and  anaerobiosis  is 
evident  from  the  fact  that  the  animal  body  presents  opportunities 
for  either  aerobiosis,  facultative  anaerobiosis,  or  anaerobiosis.  The 
first  may  be  obtained  on  the  surface  of  the  body  and  in  the  lungs, 
possibly  in  the  blood ;  the  second  is  possible  in  all  the  tissues ;  the 
third  is  obtained  with  difficulty,  but  the  multiplication  of  bacteria 
in  the  intestinal  tract  probably  takes  place  under  anaerobic  con- 
ditions; elsewhere  it  is  highly  probable  that  anaerobic  bacteria  can 
only  multiply  if  they  be  associated  with  aerobes,  the  growth  of 
which  consumes  the  limited  quantity  of  oxygen  present.  It  is 
obvious  that  no  purely  superficial  condition  can  be  due  to  the 
action  of  anaerobic  bacteria, 
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(iv.)  Saprophytism  and  Parasitism. — A  saprophyte  is  an 
organism  whose  existence  can  only  be  carried  on  outside  the 
animal  body ;  it  grows  on  and  draws  its  nourishment  from  dead 
vegetable  and  animal  matter,  but  is  incapable  of  growth  in  living 
tissues.  A  parasite,  on  the  other  hand,  can  grow  in  and  draw  its 
nourishment  from  living  tissues.  As  in  the  case  of  aerobiosis 
and  anaerobiosis,  so  here  no  hard  and  fast  line  can  be  drawn 
between  saprophytes  and  parasites,  and  the  formation  of  an  inter- 
mediate class  is  necessary.  Thus  we  speak  of  strict  or  obligatory 
saprophytes,  facultative  saprophytes,  or  parasites,  strict  or  ob- 
ligatory parasites.  As  examples  of  the  first  class  may  be  given 
most  of  the  true  moulds ;  as  saprophytes  which  are  at  the  same 
time  facultative  parasites,  actinomyces  and  Aspergillus  niger  may 
be  mentioned ;  all  the  pathogenetic  micro-organisms  which  can 
be  cultivated  on  artificial  media  and  carried  on  from  generation 
to  generation  outside  the  body  are  examples  of  parasites  which 
are  at  the  same  time  facultative  saprophytes,  while  it  is  at  all 
events  conceivable  that  some  of  the  micro-organisms,  e.g.,  B.  lepra, 
Sp.  Ohermeieri,  the  hsematozoa  (amongst  which,  perhaps,  Sp. 
Obermeieri  ought  to  be  included),  which  have  hitherto  resisted 
all  attempts  at  cultivation,  are  obligatory  parasites. 

The  degree  of  adaptability  of  which  bacteria  are  capable  varies 
within  very  wide  limits.  Thus  at  the  one  extreme  lie  the  asper- 
gilli,  which  only  on  rare  occasions  multiply  after  they  have  gained 
access  to  the  animal  body ;  at  the  other  extreme  lie  such  organ- 
isms as  those  of  influenza,  gonorrhoea,  and  pneumonia,  which 
can  only  maintain  an  existence  outside  the  animal  body  under 
very  special  conditions,  and  even  then  very  readily  succumb. 
Between  these  extremes  there  is  a  large  number  of  micro- 
organisms, such  as  actinomyces,  B.  anthracis,  B.  typhosus,  which 
not  only  readily  grow  if  they  gain  access  to  the  body,  but  also 
may  for  an  almost  indefinite  time  carry  on  an  existence  on 
artificial  media  outside  the  body.1 

The  questions  of  saprophytism  and  parasitism  are  of  great 

1  In  this  connection  there  is  a  further  point  which  will  need  discussion  when 
we  come  to  consider  the  questions  of  pathogenicity,  infection,  and  susceptibility 
to  disease,  viz.,  that  if  the  resistance  of  the  animal  be  lowered,  an  otherwise 
obligatory  saprophyte  may,  for  the  time,  become  a  facultative  parasite. 
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importance  in  pathology  and  medicine  from  a  prophylactic  point 
of  view.  It  is  obvious  that  if  a  micro-organism  which  is  causing 
disease  be  only  capable  of  carrying  on  a  parasitic  existence, 
segregation  of  the  sick  person  is  sufficient  to  stop  the  spread  of 
the  disease  or  to  confine  it  to  his  immediate  attendants.  If,  on 
the  other  hand,  the  micro-organism  be  a  facultative  saprophyte, 
segregation  must  be  coupled  with  disinfection  of  any  material 
which  may  leave  the  patient.  For  such  material  may  contain 
the  specific  bacteria ;  and  these,  being  capable  of  further  growth 
outside  the  body,  will  be  a  source  of  danger  to  other  individuals, 
possibly  at  a  considerable  distance  in  space  from  the  original 
patient  and  at  a  considerable  length  of  time  after  the  disease  in 
him  has  run  its  course. 

(v.)  Products  of  the  Life  History  of  Bacteria.— The  pro- 
ducts of  the  life  history  of  bacteria  are  of  many  kinds.  We  shall 
confine  our  attention  to  the  following: — Pigments,  acids  and 
alkalies,  gases,  phosphorescence,  enzymes.  Along  with  the  last 
named  will  be  considered  the  products  of  ferment  action  and 
alkaloidal  substances,  the  whole  group  including  those  bodies 
known  as  toxins,  ptomaines,  etc. 

(a)  Pigments.— Many  micro-organisms,  such  as  B.  prodigiosus, 
Sarcina  lutea,  B.  pyocyaneus,  Torula  nigra,  form  pigments,  fre- 
quently in  large  quantities.  The  pigment  is  a  distinct  product 
of  the  bacterial  cell,  and  does  not  form  an  integral  portion  of 
that  cell  but  lies  outside  it.  In  some  cases  (B.  pyocyaneus)  the 
pigment  diffuses  into  the  medium  upon  which  growth  is  taking 
place,  in  others  (B.  prodigiosus)  the  pigment  does  not  diffuse 
but  remains  confined  to  the  region  of  growth.  Most  of  the 
pigment-forming  or  chromogenetic  bacteria  grow  more  readily 
at  a  temperature  of  about  20°  C.  than  they  do  at  body  tempera- 
ture (37°  C),  but  whether  that  be  the  case  or  no,  there  is  no 
doubt  that  pigment  itself  is  formed  with  difficulty  or  is  not 
formed  at  all  excepting  at  temperatures  not  far  removed  from 
20°  C.  In  this  respect,  raising  the  temperature  is  far  more  potent 
than  lowering  it.  A  chromogenetic  bacterium  may  be  rendered 
completely  achromogenetic  by  repeated  cultivation  at  37°  C, 
though  as  a  rule  such  an  artificially  produced  achromogenetic 
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bacterium  gradually  regains  its  power  of  forming  pigment  if  it 
be  again  repeatedly  cultivated  at  20°  C.  Speaking  generally, 
chromogenetic  micro-organisms  are  not  pathogenetic ;  neverthe- 
less, many  of  the  pus-forming  bacteria  and  certain  others  are 
exceptions  to  this  statement. 

(b)  Acids  and  Alkalies. — These  properties  have  been  taken 
together  for  convenience,  but  the  acid-forming  and  the  alkali- 
forming  bacteria  are  actually  widely  different.1  Amongst  the 
acid-producers  the  bacillus  which  causes  butyric  acid  fermenta- 
tion and  B.  acidi  lactici,  which  is  a  frequent  cause  of  the  souring 
of  milk,  may  be  mentioned:  the  amount  of  acid  that  may  be 
formed  is  very  considerable.  Acid  formation  in  the  case  of  B. 
diphtherias  has  been  shown  by  Cobbett  to  be  intimately  bound  up 
with  the  presence  of  carbohydrate  in  the  culture-medium ;  it  is 
probable  that  this  fact  is  also  true  in  the  case  of  other  micro- 
organisms. There  is  reason  to  believe  that  the  hyperacidity  of 
the  gastric  juice  noted  in  some  cases  of  dyspepsia  depends  upon 
acid  bacterial  fermentation. 

Among  the  alkali-producers  one  of  the  most  important  groups 
is  that  which  induces  alkaline  fermentation  of  urine  principally 
by  the  conversion  of  urea  into  ammonium  carbonate.  In  the 
case  of  B.  diphtherial,  Cobbett  finds  that,  in  the  absence  of 
glucose,  an  alkaline  body  is  produced.  As  will  be  seen  later, 
the  amount  of  toxin  formed  by  such  micro-organisms  as  form 
toxins  largely  depends  upon  the  reaction  of  the  culture-medium 
during  the  growth  of  the  micro-organism. 

(c)  Gases. — Among  the  many  bacteria  that  form  gases  during 
their  growth  may  be  mentioned  the  putrefaction  bacteria,  B. 
tetani  and  B.  coli  communis.  The  gases  formed  are  principally 
carbonic  dioxide,  sulphuretted  hydrogen,  marsh  gas,  hydrogen,  but 
small  quantities  of  many  other  gases  may  also  be  present.  They 
are  important  pathologically  in  that  during  life  putrefactive 
changes  may  take  place  in  dead  tissues  with  the  evolution  of 

1  Cobbett  gives  reasons  for  believing  that  B.  diphtheria?  normally  forms  both 
acid  and  alkaline  bodies,  the  relative  amounts  of  which  depend  upon  the  con- 
stitution of  the  culture-medium — at  all  events,  in  part.  On  the  whole  subject  of 
acid-  and  alkali-production  by  bacteria,  c/.  Petruschky,  Cent.  f.  Bald.,  etc., 
vols,  vi.,  1889,  vii.,  1890,  and  xix.,  1896. 
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gases  which  from  their  qualities  or  their  quantities  may  lead  to 
secondary  morbid  conditions.  Thus  the  cardinal  symptom  of 
ozsena,  viz.,  the  intolerable  stench  which  accompanies  patients 
with  this  disease,  depends  upon  the  gases  formed  during  the 
putrefaction  of  dead  bone,  mucous  membrane,  and  mucus  in  the 
nose.  The  flatulent  distension  of  dyspepsia,  too,  is  of  bacterial 
origin.  In  a  very  careful  work  Theobald  Smith  has  shown  that 
gas-formation  depends  upon  the  presence  of  carbohydrate  in  the 
nutrient  medium,  and  that  in  the  complete  absence  of  carbo- 
hydrate such  eminently  gas-forming  microbes  as  B.  coli  communis 
and  B.  tetani  fail  to  produce  even  the  slightest  trace  of  gas. 

(d)  Phosphorescence. — Though  of  extreme  beauty  this  property, 
so  far  as  is  at  present  known,  is  of  no  pathological  significance. 
It  is  characteristic  of  certain  putrefactive  and  other  micro- 
organisms, and  is  most  marked  in  the  case  of  young  and  vigorous 
cultures. 

(e)  Ferment-like  Bodies  and  their  Products :  Alkaloidal  Bases. — 
In  this  group  are  contained  the  most  important  of  the  products 
of  the  vital  activity  of  bacteria.  Some  of  the  members  of  the 
group  are  harmless,  others  are  possessed  of  poisonous  properties 
such  as  are  equalled  by  no  other  bodies  with  which  we  are  as  yet 
acquainted.  The  most  widespread  of  these  bodies  is  one  which 
is  closely  akin,  so  far  as  action  is  concerned,  to  pepsin  and 
trypsin ;  it  is  effective  in  very  small  quantities,  is  readily  destroyed 
by  heat  (an  exposure  to  a  temperature  of  60°  C.  "  killing  "  it  in  ten 
minutes) ;  it  is  carried  down  along  with  any  solid  substance  which 
is  suspended  in  or  precipitated  from  the  fluid  in  which  it  lies ;  by 
its  action  on  proteids  it  produces  albumoses  and  peptones;  in 
some  cases  it  acts  better  in  an  acid  medium,  but  in  the  majority 
of  cases  an  alkaline  medium  is  more  favourable;1  it  causes 
solution  of  solid  proteid  substances,  such  as  solidified  blood-serum 
and  gelatine,  and  besides  albumoses  and  peptones  the  destruction 
of  the  proteid  is  accompanied  by  the  appearance  of  such  bodies 
as  leucin,  tyrosin,  indol,  etc.  Its  presence  or  absence  has  led  to 
the  separation  of  the  two  great  classes  of  liquefying  and  non- 

1  Possibly,  therefore,  we  have  to  do  with  two  distinct  bacterial  peptonising 
enzymes. 
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liquefying  bacteria.  Most  of  the  bacteria  of  putrefaction  are 
liquefying  (in  fact  liquefaction  and  putrefaction  in  this  connec- 
tion are  almost  synonymous  terms),  so  also  are  B.  anthracis,  B. 
tetani,  and  many  of  the  pus-forming  microbes;  on  the  other 
hand,  B.  diphtherial,  B.  typhosus,  Strept.  erysipelatis  are  non- 
liquefying.  But  besides  the  liquefying  or  peptonising  enzymes 
other  ferment-like  bodies  are  also  formed  by  bacteria.  Thus  a 
rennin-like  enzyme  which  causes  coagulation  of  milk  is  formed 
by  many  of  the  vibriones  and  by  many  of  the  bacilli  which  are 
grouped  under  the  name  of  B.  coli  communis :  bodies  acting  like 
amylolytic  and  inverting  enzymes  are  also  known  to  be  produced 
by  bacteria. 

In  this  division  of  the  subject  must  be  included  also  all  the 
poisonous  chemical  substances,  be  they  enzymes,  albumoses,  or 
other  protein  bodies,  or  alkaloidal  substances  to  which  those 
bacteria  which  produce  disease  owe  their  powers.  In  the  case  of 
B.  diphtherias,  Eoux  and  Yersin,  and  Martin  have  given  reasons 
for  believing  that  the  toxic  body  is  an  enzyme,  Hankin  separated 
a  toxic  albumose  from  cultures  of  B.  anthracis,  Brieger  separated 
a  variety  of  toxic  alkaloidal  bases  from  the  products  of  putre- 
factive bacteria.  Wesbrook,  bearing  in  mind  the  character  of 
enzymes  which  leads  them  to  cling  to  any  substance  which  may 
be  in  their  neighbourhood,  has  suggested  that  the  true  toxic  sub- 
stance of  cholera  is  of  the  nature  of  an  enzyme ;  and  that  the 
so-called  tox-albumoses,  toxo-globulins,  toxic  alkaloids  found  in 
cultures  of  the  vibriones  really  owe  their  poisonous  properties 
to  the  presence  as  a  contamination,  along  with  the  albumose, 
globulin,  or  alkaloid,  of  a  minute  trace  of  the  true  ferment-like 
toxic  body.  Indeed,  this  view  has  been  suggested  as  applying  to 
all  bacterial  toxins.  Be  this  as  it  may,  and  in  our  present  state 
of  ignorance  concerning  the  chemical  composition  of  ferments  it 
is  impossible  to  decide  the  question  one  way  or  the  other,  there 
is  no  doubt  that  certain  bacteria,  as  the  result  of  their  life 
history,  form  bodies  which,  from  their  poisonous  action  on  animal 
life,  may  be  spoken  of  under  the  general  name  of  "  toxins."  The 
toxins  are  usually  prepared  from  broth  cultivations  of  any  given 
micro-organism,  and  indeed  a  culture  from  which  the  micro- 
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organisms  have  been  separated  by  filtration  is  frequently  spoken 
of  as  "  toxin " ;  thus,  diphtheria  toxin  usually  means  a  filtered 
culture  in  broth  of  diphtheria  bacilli,  though  it  is  obvious  that 
the  filtrate  contains  many  other  substances  besides  the  true  toxic 
substance.  The  most  potent  toxins  known  are  diphtheria  toxin, 
which  can,  under  suitable  conditions,  be  obtained  of  such  a 
strength  that  -01  c.c.  of  the  toxin  (filtered  culture)  kills  a  guinea- 
pig  weighing  about  400  grams  in  forty-eight  hours,  and  tetano- 
toxin,  which,  according  to  Kitasato,  is  so  powerful  that  -00001  c.c. 
of  a  filtered  broth  culture  of  B.  tetani  is  sufficient  to  kill  a  mouse. 

The  formation  of  toxin  in  a  culture  depends  upon  a  variety 
of  circumstances.  Not  only  is  the  nature  of  the  species  of  im- 
portance, so  that,  e.g.,  Streptococcus  erysipelatis  forms  a  much 
less  powerful  toxin  than  B.  diphtherial,  but  also  differences 
obtain  between  different  varieties  of  the  same  species;  thus 
some  varieties  of  B.  anthracis  do  not  form  a  tithe  of  the  toxin 
that  is  formed  by  others.  The  presence  or  absence  of  oxygen, 
the  composition  of  the  culture-medium,  and  particularly  the 
presence  or  absence  of  carbohydrate  therein,  the  degree  of  alka- 
linity of  the  culture-medium,  the  question  whether  growth  took 
place  undisturbed,  or  whether  the  culture  was  shaken  during 
growth,  the  age  of  the  culture,  the  presence  of  other  than  the 
specific  micro-organism  in  the  culture,  or  the  purity  of  the  culture, 
are  all  matters  of  great  importance  in  determining  whether  much 
or  little  toxin  shall  be  formed. 

The  toxins  which  have  been  described  above  are  all  to  be  found 
in  the  filtered  cultures  in  which  the  specific  bacteria  have  grown : 
they  are  extra-cellular.  Within  the  last  few  years  it  has  been 
found  that,  besides  extra-cellular  poisons  which  are  the  results 
of  the  metabolic  activity  of  the  micro-organisms  and  are  specific, 
another  variety  of  poison  is  to  be  found  in  the  case  of  certain 
bacteria  which  is  confined  in  the  protoplasmic  bodies  of  the 
bacteria,  or,  in  other  words,  is  intra-cellular.  Intra-cellular  poisons 
are  formed  by  a  variety  of  micro-organisms ;  their  action,  if  in- 
jected into  the  peritoneal  cavity  of  a  guinea-pig,  is  approximately 
the  same  in  the  case  of  all  bacteria  which  form  these  poisons, 
and  consists,  if  a  sufficient  dose  be  given,  in  the  production  of  an 
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intense,  extensive,  and  rapidly  fatal  (18-24  hours)  peritonitis. 
But  the  interesting  point  is  that  many  recognised  non-patho- 
genetic  micro-organisms,  such  as  B.  sublilis,  B.  proteus  vulgaris, 
contain  these  poisons,  while  such  undoubtedly  pathogenetic 
microbes  as  B.  diphtherial  and  B.  cholerm  gallinarum  do  not.  The 
results  obtained  by  the  injection  of  the  bodies  of  such  microbes 
as  form  intra-cellular  poisons  do  not  differ  whether  the  bacteria 
which  contain  them  be  injected  in  a  living  condition  or  have 
been  killed  by  heat  previous  to  injection,  except  that  in  the 
latter  case  a  larger  amount  must  be  given  to  produce  the  same 
result.  The  significance  of  intra-cellular  poisons  is  quite  unknown, 
but  it  may  be  mentioned  in  passing  that  Klein  believes  that 
intra-cellular  substances — not  toxic — have  an  important  part  to 
play  in  the  formation  of  antitoxin  in  the  case  of  B.  diphtherial. 

In  spite  of  their  vast  agricultural  and  hygienic  importance  it  is 
not  necessary  to  speak  here  of  the  properties  possessed  by  certain 
bacteria  of  reducing  nitrates  with  the  formation  of  ammonia 
and  free  nitrogen,  or,  on  the  other  hand,  of  oxidising  ammonia 
with  the  production  of  nitric  acid  and  nitrates. 

(vi.)  The  effects  upon  Bacteria  and  their  Products  of 
Physical  and  Chemical  Agents.— (A)  Physical  Agents. — (a) 
Temperature. — Every  micro-organism  has  its  optimum  tempera- 
ture for  growth  and  minimal  and  maximal  temperatures  beyond 
which  growth  ceases.  For  the  greater  number  of  bacteria  found  in 
temperate  climates  the  optimum  temperature  is  18°-20°  C,  viz., 
the  temperature  of  the  air;  within  these  limits  are  the  most 
favourable  temperature  conditions  for  reproduction,  whether 
simple  fission  or  spore-formation.  Such  bacteria  as  are  commonly 
found  in  water,  air,  soil  belong  to  this  category.  For  other 
micro-organisms,  including  those  which  are  pathogenetic  for 
warm-blooded  animals,  the  optimum  temperature  is  36°-38°  C. 

For  the  so-called  thermal  bacteria  the  optimum  temperature 
varies  in  individual  cases  between  50°  C.  and  70°  C.  This  class, 
members  of  which  have  been  discovered  by  Miguel,  Van  Tieghem, 
Globig,  Karlinski,  Macfadyean,  and  Blaxall  in  water,  soil,  and 
thermal  springs,  is  as  yet  a  bacteriological  curiosity,  but  it  is 
probable  that  some  of  its  members  are  of  considerable  im- 
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portance.  That  certain  putrefactive  changes  occur  under  con- 
ditions of  very  high  temperature  is  readily  seen  in  the  case  of 
the  putrefaction  of  a  manure  heap ;  it  is  possible,  too,  that  the 
so-called  "  spontaneous  combustion "  of  haystacks  may  be  due 
directly  or  indirectly  to  the  action  of  thermal  bacteria.  For 
all  practical  purposes,  however,  they  may  be  left  out  of  con- 
sideration. 

The  actions  of  heat  and  cold  upon  bacteria  are  very  different. 
It  may  be  broadly  stated  that  reduction  of  temperature  below 
the  optimum  tends  to  inhibit  growth  but  not  to  kill  the  bacteria, 
whereas  elevation  of  temperature  above  the  optimum  not  only 
tends  to  inhibit  growth  but  also  tends  to  kill  the  bacteria. 
Since,  in  addition,  a  far  smaller  rise  of  temperature  produces  the 
same  result  as  a  far  greater  fall  of  temperature,  it  is  evident  that, 
so  far  as  bacteria  are  concerned,  heat  is  a  much  more  potent 
agent  than  cold.  Frisch  (1877)  exposed  various  cultures  of 
bacteria  to  a  temperature  of  —  87°  C,  which  he  obtained  by  the 
evaporation  of  liquid  carbonic  acid  gas,  and  found  that,  even  after 
exposure  to  such  a  temperature,  micrococci  and  bacilli  multiply 
abundantly  when  again  placed  under  favourable  conditions. 
Prudden  also  made  extended  experiments  upon  the  influence  of 
freezing ;  he  found  that,  though  differences  obtain,  nevertheless 
bacteria  are  able  to  withstand  freezing  for  many  days.  One  of  the 
most  marked  of  his  examples  is  B.  typhosus,  which  was  found  to 
be  capable  of  growth  after  bearing  continuous  freezing  for  103 
days.  Eepeated  freezing  and  thawing  was  found  to  be  more 
fatal  than  continuous  freezing. 

In  considering  the  effect  of  heat  upon  bacteria,  one  is,  at  the 
outset,  met  by  the  fact  that  a  marked  difference  obtains  between 
the  effects  of  dry  and  of  moist  heat.  This  was  clearly  brought  out 
by  experiments  instituted  in  1881  by  Koch  and  Wolfmugel,  who 
found  that,  if  dry  heat  be  employed,  the  micro-organism  being  in 
a  desiccated  condition  and  spores  being  absent,  a  temperature  of 
120°-128°  C.  must  be  maintained  for  an  hour  and  a  half  to  ensure 
destruction  of  all  the  species  tested ;  if,  however,  spores  be  present 
(e.g.,  spores  of  B.  sultilis  or  B.  anthracis),  a  temperature  of  140° 
C.  maintained  for  three  hours  is  necessary.    The  effect  of  moist 
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heat  upon  bacteria  in  the  absence  of  spores  is,  on  the  other  hand, 
much  greater,  by  far  the  larger  number  being  destroyed  by  a 
temperature  of  58°-60°  C.  maintained  for  ten  minutes  (Sternberg). 
The  non-pathogenetic  bacteria  have,  as  a  rule,  a  higher  thermal 
death-point  than  those  which  are  pathogenetic.  With  regard  to 
the  thermal  death-point  of  spores  when  exposed  to  the  action 
of  moist  heat, ,  Sternberg  found  that  the  spores  of  B.  anthracis 
are  destroyed  by  exposure  to  a  temperature  of  100°  C.  for  four 
minutes.  The  spores  of  non-pathogenetic  bacilli  require  a  higher 
temperature  or  a  more  prolonged  exposure  for  their  destruction. 
For  the  certain  destruction  of  all  known  spores  by  moist  heat, 
their  exposure  to  a  temperature  of  120°  C.  maintained  for  ten 
minutes  is  amply  sufficient.  The  difference  which  obtains 
between  the  actions  of  dry  and  moist  heat  depends  upon  the 
greater  penetrating  power  of  the  latter. 

But  heat  not  only  kills  bacteria  if  it  be  sufficiently  great,  it 
also  may  produce  profound  modifications  of  vital  activity  if  the 
temperature  be  not  so  greatly  raised  above  the  optimum  as 
materially  to  interfere  with  growth.  Eeference  has  already  been 
made  to  the  facts  that  prolonged  cultivation  at  an  elevated 
temperature  (42-5°  C.  in  the  case  of  B.  anthracis,  the  optimum 
being  about  30°  C.)  may  convert  the  normally  sporogenous  into 
an  asporogenous  bacillus,  and  that  pigment  formation  is  abolished 
in  the  case  of  chromogenetic  bacteria  by  the  same  means  (38°  C.  in 
the  case  of  B.prodigiosus,  the  optimum  being  about  20°  C).  But 
from  a  pathological  point  of  view  the  most  important  fact  is, 
that  by  cultivation  of  a  pathogenetic  micro-organism  at  a  some- 
what elevated  temperature,  its  power  to  form  its  specific  toxin 
is  impaired  and  that,  though  the  rapidity  of  multiplication  of  the 
micro-organism  may  not  be  appreciably  modified.  Such  a  micro- 
organism is  said  to  be  attenuated,  and  by  repeated  cultiva- 
tion at  the  same  elevated  temperature  a  permanently  attenuated 
variety  may  be  obtained.  Whether  the  primary  effect  is  due 
to  some  modification  of  the  vital  faculties  of  the  micro-organism, 
or  is  owing  to  the  destruction  of  a  toxin  normally  formed, 
it  is  impossible  to  say;  with  reference  to  the  last-mentioned 
supposition,  it  is  known  that  the  toxicity  of  a  filtered  culture 
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of  B.  diphtherias  is  markedly  diminished  by  exposure  for  a  few 
hours  to  a  temperature  of  even  40°  C.  By  gradually  raising  the 
temperature  at  which  growth  is  taking  place,  and  making  a  series 
of  sub-cultivations  at  each  individual  temperature,  a  micro- 
organism may  become  "  acclimatised  "  and  grow  well  at  a  tem- 
perature which  would  certainly  have  completely  inhibited  growth 
of  the  original  culture. 

(b)  Desiccation. — In  a  moist  state  bacteria  may  be  kept  for  a 
considerable  length  of  time  without  losing  their  vitality,  though 
this  power  varies  within  wide  limits  in  different  species.  Thus, 
Strept.  erysipelatis  loses  its  vitality  on  an  agar  culture  after 
about  a  week,  but  V.  cholerce  asiaticm  may  still  be  found  living 
after  nine  months  and  B.  typhosus  and  B.  prodigiosus  after  so 
long  as  a  year  and  a  half  (Sternberg).  But  desiccation  is 
very  fatal  to  bacteria,  especially  to  those  species  which  are 
pathogenetic.  In  many  cases  life  is  only  maintained  for  a  few 
hours ;  Pfuhl,  however,  found  desiccated  typhoid  bacilli  living 
after  8-10  weeks,  and  Lofner  found  B.  diphtherial  still  alive  after 
they  had  been  kept  4-5  months  in  a  dry  condition.  These 
statements,  though  true  in  the  case  of  bacteria,  are  not  true  in 
the  case  of  spores,  which  resist  drying  to  an  extraordinary  extent 
and  may  be  kept  in  a  desiccated  condition  for  an  indefinite 
period  without  losing  their  power  of  germinating  when  they  are 
moistened  and  exposed  to  other  favourable  conditions.  Desicca- 
tion alone  is  apparently  without  effect  upon  the  toxic  products  of 
bacteria.  The  solid  residue  of  a  filtered  broth  culture  of  B.  diph- 
therias, which  has  been  evaporated  to  dryness  at  a  temperature 
below  40°  C,  is  intensely  and  specifically  toxic.  Such  "  dried 
toxin"  may  be  kept  for  an  indefinite  time  without  change  in 
toxicity. 

(c)  Light. — Downes  and  Blunt  in  1877  first  called  attention 
to  the  fact  that  light  acts  injuriously  on  bacteria,  and  that  cul- 
tures may  be  sterilised  by  exposure  to  direct  sunlight.  Since 
then,  Duclaux,  Arloing,  Gaillard,  Moment,  Eoux,  and  others 
have  studied  the  subject.  As  the  outcome  of  this  work  it 
has  been  found  that  the  growth  of  bacteria  is  impeded  by  light, 
that  if  the  micro-organisms  be  exposed  to  direct  sunlight  they 


EFFECTS  OF  LIGHT. 


31 


are  destroyed,  and  that  spores  are  destroyed  more  readily  by 
light  than  are  bacilli.  Direct  sunlight  acts  more  unfavourably 
than  diffuse  light,  and  Arloing  found  that  rays  at  the  violet  end 
of  the  spectrum  are  more  potent  in  this  respect  than  rays  at  the 
red  end.  Marshall  Ward  investigated  the  bactericidal  action  of 
light  more  closely.  He  concludes  that  the  waves  which  form 
the  infra-red,  red,  orange,  and  yellow  portions  of  the  spectrum 
have  no  action,  but  that  bactericidal  power  "  begins  at  the  blue 
end  of  the  green,  rises  to  a  maximum  as  we  pass  the  violet  end 
of  the  blue,  and  diminishes  as  we  proceed  in  the  violet  to  the 
ultra-violet  regions."  The  fact  that  the  bactericidal  power  of 
light  resides  in  this  portion  of  the  spectrum,  of  course,  suggests 
that  chemical  action  plays  some  part  in  the  process.  Eoux 
showed  that  access  of  oxygen  is  a  necessary  factor  in  the  sterilisa- 
tion of  cultures  by  light,  and  Wesbrook,  working  especially  with 
V.  cholerce  asiaticce,  found  that  the  action  of  sunlight  is  twofold : 
it  is  destructive  to  the  bacteria  on  which  it  falls  if  they  be  in 
free  contact  with  air,  but  it  aids  the  growth  of  those  bacteria  on 
which  it  falls  (through  its  heating  power)  if  the  bacteria  be  not 
in  free  contact  with  air.  By  a  series  of  careful  experiments,  he 
showed  that  in  an  ordinary  test-tube  broth  cultivation  exposed 
to  sunlight,  destruction  of  bacteria  goes  on  at  the  surface,  multi- 
plication in  the  depth ;  this  is  true  if  the  column  of  culture  be 
of  greater  depth  than  2-4  cm. ;  if  the  column  be  less  than  2-4 
cm.  destruction  of  the  bacteria  alone  takes  place.  He  further 
found  that  free  growth  takes  place  in  anaerobic  cultures  in  an 
atmosphere  of  hydrogen  though  exposed  to  the  strongest  sun- 
light. 

D'Arcy  and  Hardy,  following  up  Wiirster's  discovery  that 
when  evaporation  takes  place  in  direct  sunlight  "  active  oxygen  " 
is  formed,  investigated  the  question  whether  "  active  oxygen "  is 
formed  in  the  bactericidal  action  of  light.  Using  specially 
sensitised  paper,  and  throwing  on  a  moistened  strip  of  it  the 
spectrum  of  an  arc-light,  they  found  that  Marshall  Ward's  area 
corresponds  to  the  site  of  formation  of  "  active  oxygen."  That 
the  action  is  dependent  upon  light-  and  not  upon  heat-rays  is 
shown  by  the  fact  that  no  "active  oxygen"  is  formed  if  a  strip 
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of  black  paper  be  placed  over  the  moistened  sensitised  paper  in 
the  region  of  the  spectrum  concerned.  It  may,  therefore,  be 
regarded  as  proved  that  the  bactericidal  action  of  light  is 
essentially  of  an  oxidative  character. 

With  regard  to  the  action  of  light  upon  toxins  and  toxin- 
formation  there  is  some  divergence  of  opinion.  Wesbrook  found 
that  the  virulence  of  those  bacteria  which  he  had  grown  in  strong 
sunlight  was  not  appreciably  modified.  In  view,  however,  of 
the  fact  that  sterile  toxins  are,  according  to  most  authorities, 
gradually  destroyed  by  light,  and  of  the  numerous  factors  enter- 
ing into  Wesbrook's  experiments,  it  is  safer,  if  it  be  desired  to 
minimise  alteration  in  the  toxicity  of  a  filtrate,  to  keep  it  in 
the  dark.  In  this  connection  it  is  perhaps  worth  mentioning 
that  such  experiments  as  have  been  made  upon  bacteria  with 
Rontgen's  rays  show  that  these  rays  do  not  inhibit  growth. 

(d)  Electricity. — The  action  of  constant  and  of  induced 
currents  upon  the  growth  of  bacteria  has  been  investigated  by 
several  authors;  no  effect  seems  to  be  produced  unless  the 
current  be  of  great  strength  and  its  action  be  long  continued. 
It  is  probable  that  even  under  those  circumstances  a  large  propor- 
tion if  not  the  whole  of  the  observed  results  are  dependent  upon 
the  chemical  substances  produced  by  electrolysis  in  the  solutions  in 
which  the  micro-organisms  are  suspended.  With  regard  to  the 
action  of  electricity  upon  toxins,  there  is  the  widest  divergence 
of  opinion.  D'Arsonval  and  Charrin  found  that  interrupted 
currents  of  great  frequency  attenuate  toxins ;  Marmier,  working 
with  snake-poison,  diphtheria  toxin,  and  tetano-toxin,  on  the 
other  hand,  says  that  he  found  not  the  slightest  attenuation  with 
currents  of  high  frequency,  but  that  constant  currents  and 
interrupted  currents  of  low  frequency  destroy  bacterial  toxins 
by  the  formation  of  hypochlorites  and  free  chlorine  in  the  fluid 
in  which  these  toxins  are  placed.  Some  authors  have  even  gone 
so  far  as  to  assert  that  toxins  may  be  converted  into  antitoxins 
by  the  agency  of  the  constant  current. 

(B)  Chemical  Agents. — In  this  group  are  included  all  those 
substances  which  are  known  as  antiseptics  and  disinfectants; 
they  are  of  the  most  varied  composition,  but  they  will  not  be 
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referred  to  here  in  detail ;  information  upon  this  subject  must 
be  sought  in  special  treatises  on  bacteriology  and  hygiene.  It 
may  be  briefly  stated,  however,  that  antiseptics  differ  from 
disinfectants,  in  that  whereas  an  antiseptic  prevents  further 
growth  of  bacteria,  it  does  not  of  necessity  kill  those  bacteria 
which  are  actually  present  and  living  at  the  time  when 
the  antiseptic  is  caused  to  act;  a  disinfectant,  on  the 
other  hand,  not  only  prevents  growth,  but  also  destroys  such 
bacteria  as  may  be  present,  and  therefore  sterilises  the  substance 
upon  which  it  acts.  Many  of  the  so-called  disinfectants  are 
antiseptics  only,  and  some  are  neither  disinfectants  nor  anti- 
septics but  mere  deodorants.  The  chemical  substances  which 
act  on  bacteria  can  only  do  so  if  they  are  in  a  liquid  or 
a  gaseous  condition.  Solids,  such  as  iodoform,  thymol,  etc., 
act  as  antiseptics  by  virtue  of  their  solubility  or  volatility. 
A  disinfectant,  if  used  in  weak  solution,  acts  as  an  anti- 
septic. 

(a)  Gases. — Eeference  has  already  been  made  to  the  action 
of  oxygen  both  when  treating  of  aerobiosis  and  anaerobiosis 
and  when  dealing  with  the  bactericidal  action  of  light. 
Other  gases,  such  as  hydrogen,  nitrogen,  carbonic  acid,  to 
mention  those  which  are  most  commonly  met  with  in  animal 
life,  are  inert  so  far  as  concerns  their  chemical  action. 
Sulphuretted  hydrogen,  according  to  Frankland,  is  quickly 
fatal  to  B.  pyocyaneus,  V.  cholerce  asiaticce,  etc.,  but  on 
the  other  hand  Grauer  found  that  it  is  without  injurious 
action  upon  B.  tuberculosis,  B.  anthracis,  B.  typhosus,  and 
V.  cholerce  asiaticce,  even  though  these  micro-organisms  were 
exposed  to  the  action  of  a  stream  of  the  gas  for  an  hour. 
Chlorine,  bromine,  iodine,  sulphur  dioxide,  and  some  of  the 
haloid  compounds  have  marked  antiseptic  or  disinfectant 
effects. 

(b)  Acids  and  Alkalies. — Though,  if  both  are  used  in  very 

strong  solution,  the  action  of  an  acid  is  the  same  as  that  of  an 

alkali,  viz.,  bacteria  and  even  spores  are  destroyed,  yet  a  wide 

difference  exists  between  the  actions  of  weak  solutions  of  these 

substances.    Thus  whereas  the  addition  of  *1  to  -5  per  cent,  sul- 

c 
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phuric  acid  to  a  neutral  culture  not  only  prevents  further 
growth  in  it,  but  also  in  time  destroys  such  bacteria  as 
may  be  already  present,  the  addition  of  the  same  amount 
of  caustic  potash  will  in  most  cases  not  only  not  impede 
but  will  actually  favour  the  growth  of  the  bacteria  present. 
Indeed,  it  has  been  found  in  practical  bacteriology,  that  copious 
growth  only  occurs  when  the  culture-media  (excepting  potato, 
which  is  acid)  have  been  rendered  faintly  but  definitely  alka- 
line before  use. 

(c)  Other  Chemical  Substances. — Speaking  generally,  other 
soluble  substances,  be  they  salts,  essential  oils,  coal-tar  products, 
or  whatever  be  their  nature,  are  either  inert  or  exert  a  feebly 
restraining  influence  on  bacterial  growth,  unless  they  are  used  in 
strong  solution.  An  important  exception  exists  in  the  case  of 
compounds  of  mercury,  which  are  powerfully  disinfectant,  even 
in  minute  traces ;  thus  mercuric  oxycyanide  was  found  by  Boer 
to  destroy  anthrax  bacilli  in  so  small  a  degree  of  concentration 
as  1  in  40,000,  and  Sternberg  found  that  perchloride  of  mercury 
destroys  the  spores  of  B.  anthracis  and  B.  subtilis  in  two  hours 
when  used  in  the  strength  of  only  1  in  1 0,000.*  Concerning  the 
bactericidal  action  of  blood-serum  we  shall  have  to  speak  later. 
On  the  other  hand,  substances  are  known  which,  in  dilute  solution, 
favour  the  growth  of  bacteria ;  such  are  the  soluble  carbohydrates 
(particularly  dextrose),  albumoses,  and  peptones.  That  various 
inorganic  and  organic  salts,  etc.,  favour  and  can  even  maintain 
growth  in  the  absence  of  proteid  matter  other  than  that  minute 
quantity  which  is  contained  in  the  bodies  of  the  bacteria  used  for 
inoculation  is  shown  by  the  fact  that  bacteria  can  in  many 

1  It  is  necessary  to  remember  in  this  connection  that  the  condition  in  which 
micro-organisms  and  spores  are  presented  to  the  disinfectant  is  of  great  im- 
portance ;  if  the  micro-organisms  are  collected  into  comparatively  large  masses 
or  flocculi,  or  if  they  be  suspended  in  a  medium  which  is  itself  acted  on  by  the 
disinfectant,  then  a  longer  exposure  to,  or  a  greater  concentration  of,  the  dis- 
infectant becomes  necessary.  Thus,  perchloride  of  mercury,  which  is  one  of  the 
most  valuable  disinfectants  at  our  disposal,  coagulates  albumen,  and  if,  as  is  very 
likely  to  be  the  case  in  any  attempt  to  disinfect  animal  substances  or  excreta, 
these  latter  contain  albumen,  the  perchloride  of  mercury  will  form  a  coating  of 
coagulated  albumen  around  the  micro-organisms,  and  thus  will  actually  protect 
them  in  some  degree  from  the  action  of  the  disinfectant. 
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cases  multiply  readily  in  such  non-albuminous  culture-fluids  as 
those  devised  by  Pasteur 1  and  Uschinsky.2 

(vii.)  Variability  of  Bacteria. — This  question  may  be  studied 
from  either  a  morphological  or  a  physiological  standpoint.  With 
regard  to  the  latter,  so  much  has  already  been  said  upon  the  varia- 
tions that  may  be  induced  in  the  products  of  vital  activity  of 
bacteria  by  different  agents,  that  it  is  only  necessary  here  to  point 
out  that  from  this  aspect  there  is  an  almost  infinite  number  of 
races  of  any  one  variety  of  micro-organism.  Thus  we  have  seen 
that  B.  anthracis  may  lose  its  power  of  forming  spores,  B.  pro- 
digiosus  may  lose  that  of  forming  pigment,  while  Str.  pyogenes 
may  have  its  power  of  forming  its  specific  toxin  reduced  to  a 
remarkable  extent.  Between  the  typical  and  the  atypical  variety 
in  each  case  there  is  an  endless  number  of  individuals  having 
intermediate  characteristics. 

But  it  is  not  only  possible  by  artificial  means  to  diminish  or 
even  abolish  some  particular  function  of  a  bacterium,  it  is  also 
possible  in  certain  cases  starting  from  below  to  augment  the 
exercise  of  that  function.  Thus,  starting  with  a  cultivation  of 
B.  anthracis  which  has  artificially  been  "  attenuated  "  to  such  a 
degree  {i.e.,  forms  so  little  toxin)  that  it  fails  in  reasonable  doses 
to  kill  the  highly  susceptible  mouse,  we  may,  by  successive  inocu- 
lation of  this  attenuated  bacillus  through  animals  rising  in  their 
degree  of  resistance  to  anthrax,  so  increase  the  power  of  toxin- 
formation,  that  at  last  the  attenuated  bacillus  has  been  converted 
into  one  possessing  even  a  greater  degree  of  virulence  than  is 
normally  the  case.   It  therefore  becomes  conceivable  that  a 

1  Pasteur's  fluid  : — 


Distilled  water, 
Cane-sugar,  . 
Ammonium  tartrate, 
Ashes  of  1  gram  of  yeast. 


100  parts. 
10  parts. 
1  part. 


2  Uschinsky's  fluid  : — 


Water, 
Glycerine, 
Sodium  chloride,  . 
Calcium  chloride,  . 
Magnesium  sulphate, 
Bi-potassium  phosphate, 
Ammonium  lactate, 
Sodium  aspartate,  . 


1000  c.c. 
3-4  c.c. 


5-7  grams. 
•1  gram. 


•2-*4  gram. 
2-2*5  grams. 
6-7  c.c. 


3*4  grams. 
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definitely  non-pathogenetic  micro-organism  may  in  course  of  time 
and  under  suitable  conditions  be  so  modified  in  one  of  its  functions 
that  it  becomes  definitely  pathogenetic.  Of  this,  however,  we 
have  as  yet  no  proof,  in  spite  of  the  fact,  amongst  others,  that 
Buchner  asserted  that  he  had,  after  a  long  period  of  artificial 
cultivation,  succeeded  in  converting  the  non-pathogenetic  B. 
subtilis  into  the  pathogenetic  B.  anthracis,  with  which  morpho- 
logically it  has  so  many  points  in  common.  Neither  this  nor 
any  other  similar  assertion  has  stood  the  test  of  time. 

With  regard  to  the  morphological  variability  of  bacteria  there 
is  more  difficulty.    Owing  to  the  extreme  ease  with  which  a 
bacillus  whose  length  differs  but  little  from  its  breadth  may  be 
mistaken  for  a  micrococcus  or,  if  it  stain  more  deeply  at  the 
poles,  for  a  diplococcus,  the  ease  with  which  a  vibrio  may  be  mis- 
taken for  a  bacillus,  a  diplococcus  for  a  sarcina  and  vice  versa ; 
and  owing  to  the  fact  that  some  bacteria,  e.g.,  B.  diphtheria?,  B. 
tuberculosis}  are  known  (Klein  and  others)  occasionally  to  form 
what  are  apparently  mycelial  hyphae,  while  in  artificial  cultivation 
the  species  cladothrix  forms  chains  of  bacilli,  it  has  been  supposed 
that  the  species  bacillus,  streptococcus,  spirillum,  etc.,  are  not 
distinct,  but  that  "  pleomorphism  "  exists,  the  same  micro-organism 
now  showing  itself  as  a  bacillus,  now  as  a  coccus,  now  as  a 
spirillum,  and  so  on.    But  the  fact  that  pleomorphism  of  bacteria 
was  far  more  commonly  accepted  in  the  early  days  of  bacteriology, 
when  methods  were  less  exact  and  the  dangers  of  contamination 
of  cultures  were  less  fully  recognised  than  they  are  now,  sug- 
gests that  most  of  the  cases  of  so-called  pleomorphism  were 
apparent  rather  than  real.    With  regard  to  B.  diphtheria?  and  B. 
tuberculosis  the  matter  is  different.    In  the  first  place  there  is  no 
room  for  doubt  as  to  the  accuracy  of  the  observation,  and  in  the 
second  place  it  is  well  shown  by  the  case  of  actinomyces  that 
a  micro-organism  which  under  ordinary  circumstances  forms  a 
definite  mycelium  may  under  extraordinary  circumstances  grow 
as  a  bacillus.  We  may  in  course  of  time  be  compelled  to  regard  the 
true  moulds  as  the  ancestral  type  of  all  bacteria  or  to  look  upon 

1  From  this  fact  Coppen  Jones  argues  that  B.  tuberculosis  is  really  a  mould, 
and  proposes  to  call  it  ' 1  tuberculomyces  "  on  the  analogy  of  actinomyces. 
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the  bacillary  as  one  mode  of  growth  of  certain  true  moulds,  but  at 
present,  though  it  is  fully  recognised  that  the  conditions  of  growth 
exert  a  powerful  influence  upon  the  size  of  bacilli,  cocci,  spirilla, 
sarcinae,  it  is  nevertheless  generally  denied  that  a  bacillus  under 
any  circumstances  becomes  a  coccus,  or  a  coccus  becomes  a  bacillus ; 
in  other  words,  it  is  denied  that  pleomorphism  of  bacteria  exists. 

(viii.)  Symbiosis. — In  all  our  previous  remarks  we  have  tacitly 
implied  that  the  micro-organism  was  in  pure  culture,  but  as  a 
matter  of  fact  this  is  rarely,  perhaps  never,  the  case  except  under 
purely  artificial  conditions  such  as  are  obtained  in  the  laboratory. 
In  nature  many  varieties  are  living  side  by  side,  and  it  becomes 
necessary  to  enquire  how  the  growth,  etc.,  of  one  micro-organism 
proceeds,  if  in  its  life  history  it  alone  have  not  full  play  but  be 
associated  with  other  bacteria.    Much  attention  has  been  directed 
to  this  question  during  the  past  few  years,  and  there  is  no  doubt 
that  it  will  attract  even  more  attention  in  the  future.    The  two 
chief  points  for  consideration  are,  (a)  how  does  symbiosis  affect 
the  growth  of  a  micro-organism  ?  and  (b)  does  symbiosis  produce 
any  modification  in  the  products  of  the  vital  activity  of  that 
micro-organism  ?    With  regard  to  the  first  question,  it  must  be 
remembered  that  microbes,  even  if  placed  under  what  are  ap- 
parently exactly  similar  conditions,  have  markedly  different  rates 
of  growth.    To  take  an  extreme  example :  B.  tuberculosis  grows 
but  slowly  at  37°  C,  B.  prodigiosus  at  the  same  temperature 
grows  rapidly ;  if,  then,  a  liquid  culture-medium  be  inoculated  at 
the  same  time  with  both  of  these  bacilli  and  be  incubated  for 
twenty-four  hours,  it  will  be  found  at  the  end  of  that  time  that 
B.  prodigiosus  is  the  only  micro-organism  recognisable.    But  since 
B.  prodigiosus  in  its  growth  has  used  up  certain  constituents  of 
the  medium,  and  as  the  result  of  its  vital  activity  has  added 
certain  other  constituents  to  the  medium,  one  cannot,  a  priori,  say 
whether  under  the  circumstances  B.  tuber miosis,  which  undoubtedly 
was  present  in  a  living  condition  at  first,  and  would  have  multiplied 
in  due  course  had  it  been  unaccompanied,  will  multiply  later  or 
no.   It  is  certain,  therefore,  that  though  several  varieties  of  micro- 
organism may  be  at  the  initial  moment  present  in  the  culture- 
medium,  the  conditions  may  be  so  much  more  favourable  for  the 
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growth  of  one  particular  variety,  that  it  and  its  progeny  may 
crowd  out  its  companions.  This  is  the  principle  which  is  adopted 
for  the  separation  of  V.  cholerce  asiaticce  from  the  stools  of 
cholera  patients  in  which  numberless  other  micro-organisms  may 
be  present.  By  selecting  a  culture-medium  which  is  favourable 
for  the  growth  of  V.  cholerce  but  relatively  less  favourable  for  the 
growth  of  other  bacteria,  V.  cholerce  multiplies  quite  out  of  pro- 
portion to  the  other  microbes  present,  and  the  ease  with  which  it 
is  obtained  in  pure  culture  is  thereby  proportionately  increased. 

But  growth  of  a  micro-organism  in  a  culture-fluid  gradually 
comes  to  an  end,  partly  as  the  result  of  exhaustion  of  the  culture- 
medium  (cf.  Str.  erysipelatis,  which  ceases  to  grow  when  it  has 
used  up  the  peptone  in  the  culture-medium,  as  shown  by  Cobbett 
and  Melsome),  partly  as  the  result  of  the  accumulation  in  the 
culture-medium  of  the  products  of  its  own  life  history  (cf. 
Saccharomyces  cerevisice,  the  growth  of  which  is  stopped  by  the 
accumulation  in  the  culture-medium  of  the  alcohol  which  it  forms, 
as  shown  by  Pasteur).  If,  then,  the  original  culture-fluid  have 
been  inoculated  with  several  varieties  of  micro-organism,  after 
the  growth  of  one  of  them  has  come  to  an  end,  a  second  which 
has  survived  may  find  the  culture-medium,  as  modified  by  the 
previous  growth  of  the  first,  so  suitable  for  its  own  requirements, 
that  it  may  now  commence  to  multiply  with  rapidity  and  in  its 
turn  yield  so  overwhelming  a  number  of  that  particular  variety 
as  almost  to  constitute  a  pure  culture.  An  example  of  this 
condition  probably  exists  when  B.  tetani,  an  anaerobic  bacillus,  is 
introduced  into  the  animal  body  subcutaneously  through  a  slight 
wound  or  scratch  and  produces  disease.  The  conditions  under 
which  it  finds  itself  are  not  anaerobic,  though  the  amount  of 
oxygen  present  must  be  but  limited.  B.  tetani,  however,  gains 
access  to  the  animal  body  under  natural  conditions  in  such  a  way 
that  it  is  almost  absolutely  certain  to  be  accompanied  by  other 
and  aerobic  bacteria.  These  multiplying  in  the  exudation  from 
the  wound  or  scratch  and  requiring  oxygen  for  their  growth,  use 
up  the  limited  amount  of  oxygen  present  and  therefore  provide 
anaerobic  conditions  in  which  now  for  the  first  time  the  B.  tetani 
or  its  spores  are  able  to  grow.    The  after-production  of  the  chain 
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of  symptoms  which  constitutes  the  disease  then  becomes  perfectly 
simple. 

A  good  example  of  the  effects  of  symbiosis  was  discovered  in 
1894  by  Metchnikoff.  He  found  that  when  V.  cholerce  asiaticce 
has  apparently  died  {i.e.,  fails  to  yield  a  culture  when  inoculated 
into  fresh  media  in  the  ordinary  way)  it  may  be  revivified  by 
allowing  it  to  grow  on  gelatine  in  the  company  of  certain  aerial 
micro-organisms;  these  latter,  by  producing  some  unknown 
changes  in  the  gelatine,  render  it  so  eminently  favourable  for  the 
growth  of  V.  cholerm  that  even  though  this  microbe  is  unable  to 
multiply  under  the  usual  conditions — and  it  is  normally  one  of 
the  easiest  of  known  micro-organisms  to  cultivate — it  is  now  able 
to  multiply  without  difficulty.  The  pathological  and  hygienic 
importance  of  such  a  fact  can  hardly  be  over-estimated.  For  some 
authorities  hold  it  probable  that  the  production  of  such  diseases 
as  cholera  and  typhoid  fever  is  closely  bound  up  with  symbiosis, 
if  not  absolutely  dependent  upon  it. 

With  regard  to  the  second  question,  namely,  does  symbiosis 
produce  any  modification  of  the  products  of  vital  activity  of  a 
micro-organism  ?  we  have  much  less  evidence  at  our  disposal. 
Koux  and  Yersin  consider  that  the  progress  of  diphtheria — which 
depends,  cceteris  paribus,  upon  the  amount  of  diphtheria-toxin 
produced  by  the  bacilli  and  absorbed  by  the  body — is  much  more 
unfavourable  if  the  diphtheria  bacilli  in  the  fauces  are  accom- 
panied by  streptococci  than  if  they  are  found  in  pure  culture. 
Not  only,  however,  has  their  view  been  opposed,  but  also,  even  if 
accepted,  it  would  be  difficult  to  assert  that  the  reason  depended 
upon  an  increased  virulence  of  the  products  of  the  diphtheria 
bacilli  rather  than  upon  an  actual  increase  in  their  number 
determined  by  symbiosis,  or  than  upon  a  diminution  in  the  vital 
resistance  of  the  subject  as  the  result  of  absorption  of  the  pro- 
ducts of  the  vital  activity  of  the  streptococci.  However,  that 
such  a  modification  of  bacterial  metabolic  products  as  we  are  now 
considering  may  quite  possibly  be  induced  by  symbiosis,  perhaps 
no  one  would  venture  to  deny. 

Symbiosis  may  be  either  obligatory  or  facultative,  but  too  little 
is  known  upon  the  subject  generally  for  us  to  enter  into  a  dis- 
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cussion  of  these  questions.  It  may  be  mentioned,  however,  that 
in  the  case  of  certain  alcoholic  fermentations  (e.g.,  that  occurring 
in  the  manufacture  of  ginger-beer)  the  co-existence  of  two  micro- 
organisms is  absolutely  necessary,  the  particular  kind  of  fermenta- 
tion not  occurring  in  the  presence  of  either  of  them  alone. 

(ix.)  Pathogenicity. — In  the  course  of  the  preceding  pages 
the  terms  "  pathogenetic  "  and  "  non-pathogenetic"  have  frequently 
been  used.  It  is  necessary  now  to  consider  what  meaning 
should  be  attached  to  them.  At  the  first  glance  it  seems  easy  to 
say  that  they  mean  " causing  disease"  and  " not  causing  disease" 
respectively,  but  when  the  question  is  looked  into  more  closely, 
it  is  seen  that  the  terms,  as  commonly  used,  tacitly  imply  more 
than  bare  etymology  warrants.  Let  us  take  some  concrete 
examples.  We  find  that  Aspergillus  niger,  which  under  ordinary 
circumstances  is  a  harmless  saprophyte,  may  occasionally  gain 
access  to  the  human  body  (particularly  the  lungs),  and  there  lead 
to  a  severe  broncho-pneumonia ;  that  B.  diphtherial,  which  causes 
severe  disease  in  man,  is  without  effect  upon  the  mouse ;  that  B. 
anthracis,  which  leads  to  disease  in  many  warm-blooded  animals, 
including  man,  may  be  injected  in  large  quantities  into  the  frog 
without  effect.  We  find  also  that  the  effects  of  one  and  the  same 
micro-organism  are  vastly  different,  according  to  the  region  of 
the  body  into  which  it  is  introduced ;  a  virulent  culture  of  V. 
cholerm  asiaticcc,  for  example,  introduced  into  the  peritoneal  cavity 
of  a  guinea-pig,  produces  severe  peritonitis  and  death  in  twenty- 
four  hours  or  thereabouts,  but  the  same  amount  of  the  same  culture 
injected  into  the  subcutaneous  tissue  of  another  apparently  similar 
guinea-pig  produces  but  little  constitutional  effect,  and  merely  a 
slight  and  temporary  inflammatory  swelling,  or  at  most  a  localised 
death  of  the  tissues  and  ulceration  around  the  seat  of  inoculation. 
A  cultivation  of  B.  diphtherias,  on  the  other  hand,  acts  in  exactly 
the  opposite  manner:  injected  into  the  peritoneal  cavity  of  a 
guinea-pig,  it  produces  slight  and  transient  symptoms  (so  long  as 
toxin  be  not  introduced  along  with  the  bacilli) ;  injected  subcu- 
taneously,  it  causes  marked  and  increasing  swelling,  severe  consti- 
tutional symptoms  and  death  in  perhaps  24-48  hours.  It  further 
appears  that  the  previous  treatment  which  the  animal  has  under- 
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gone  has  a  share  in  determining  pathogenicity  or  non-patho- 
genicity.  For  we  find  that  the  hen,  which  normally  is  unaffected 
by  B.  anthracis,  becomes  affected  with  and  ultimately  dies  of 
anthrax  if  previous  to  inoculation  she  have  been  immersed  for  a 
short  time  in  cold  water  (Pasteur).  So  also  an  animal  such  as 
a  rabbit  or  guinea-pig,  which  normally  falls  a  ready  victim  to  a 
subcutaneous  inoculation  with  B.  diphtheria?,  remains  absolutely 
unaffected  by  many  times  the  dose  of  bacilli  which  otherwise 
would  have  been  fatal  if,  previous  to  inoculation,  it  has  been 
subjected  to  an  injection  of  diphtheria  antitoxic  serum.  Nor 
is  the  age  of  the  animal  without  importance,  for  we  find  that, 
whereas  B.  anthracis  is  non-pathogenetic  for  adult  white  rats,  it 
is  pathogenetic  for  young  white  rats.  Next  there  is  the  fact  that 
a  microbe,  otherwise  non-pathogenetic  for  a  certain  species  of 
animal,  may  become  pathogenetic  if  it  be  associated  with  the  pro- 
ducts of  another  non-pathogenetic  microbe :  the  bacillus  of  quarter- 
evil  is  non-pathogenetic  for  rabbits,  yet  if  at  the  same  time  as  the 
inoculation  with  bacillus  of  quarter-evil  there  be  injected  one  or 
two  cubic  centimetres  of  a  filtered  culture  of  B.  prodigiosus,  which 
is  also  non-pathogenetic  for  animals,  these  animals  become  in- 
fected with  the  bacillus  of  quarter-evil  and  die  (Eoger).  Lastly, 
to  make  the  question  even  more  difficult  of  solution,  we  find  that 
in  the  case  of  almost  any  micro-organism,  if  the  dose  injected  be 
large  enough,  the  animal  may  be  killed,  as  the  result  of  the 
growth  of  that  micro-organism.  It  is  therefore  seen  that  patho- 
genicity and  non-pathogenicity  are  terms  to  which  no  absolute 
meanings  can  be  attached,  since  they  may  depend  at  least  upon 
(a)  the  species  of  the  micro-organism,  (b)  the  species  of  animal 
inoculated,  (c)  the  seat  of  inoculation,  (d)  the  previous  treatment, 
if  any,  to  which  the  animal  has  been  subjected,  (e)  the  age  of  the 
animal,  (/)  the  presence  or  absence  of  other  micro-organisms  at 
the  seat  and  at  the  time  of  injection,  (g)  the  dose  of  the  micro- 
organism used  for  inoculation.  We  cannot  speak  of  Aspergillus 
niger  as  a  pathogenetic  microbe,  because  under  exceptional  cir- 
cumstances it  causes  disease  in  man,  any  more  than  we  can  call 
B.  anthracis  a  non-pathogenetic  microbe,  because  it  normally 
produces  no  disease  in  the  frog. 
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Such  micro-organisms  as  B.  leprce  and  Sp.  Obermeieri,  though 
constantly  found  associated  with  certain  diseases,  have  not  hitherto 
been  artificially  cultivated,  and  their  pathogenetic  power,  however 
probable,  is  therefore  not  as  yet  scientifically  proved.  They 
might  be,  though  it  is  in  the  last  degree  improbable,  merely 
accidental  concomitants  of  the  diseases  in  question.  The  same 
lack  of  scientific  proof  obtains  in  the  case  of  diseases  such  as 
malaria,  tsetse-fly  disease,  etc.,  which  are  associated  with  the 
presence  of  haematozoa;  and  yet  no  one  doubts  at  the  present 
time  that  the  particular  hsematozoa  found  in  these  diseases  are 
pathogenetic  and  specific. 

But  being  given  that  a  micro-organism  is  pathogenetic,  it  is 
necessary  further  to  consider  upon  what  property  or  properties 
that  pathogenicity  depends.  In  such  diseases  as  tetanus  and  diph- 
theria, where  the  specific  microbe  never,  or  only  under  exceptional 
conditions,  gains  access  to  the  body  at  large,  but  multiplies  locally 
at  the  seat  of  its  introduction,  it  is  clear  that  the  disease  must 
ultimately  depend  upon  absorption  of  the  toxin  which  is  formed 
at  the  site  of  growth  of  the  bacillus,  and  the  action  of  that  toxin 
upon  the  body.  For  in  both  diphtheria  and  tetanus,  the  symptoms 
of  the  disease  point  with  unerring  finger  towards  an  implication 
of  the  central  nervous  system,  which  is  far  removed  from  the 
seat  of  growth  of  the  bacilli  in  question.  But  the  truth  of  this 
view  is  conclusively  proved,  when  it  is  shown — and  this  can 
readily  be  done  in  both  cases — that  the  disease  in  its  entirety 
can  be  reproduced  by  introducing  into  the  body  the  toxins 
formed  by  these  bacilli  apart  from  the  bacilli  themselves.  It  is 
therefore  clear  that  certain  micro-organisms  are  pathogenetic  by 
virtue  of  the  toxins  which  they  produce,  and  it  is  highly  probable 
that  this  is  the  chief  way  in  which  the  greater  number,  if  not 
all,  pathogenetic  bacteria  act.  But  a  glance  at  a  microscopic 
section  of  the  lung,  spleen,  or  liver  of  a  rabbit  or  guinea-pig  that 
has  succumbed  to  anthrax,  in  which  suitable  staining  shows  the 
capillaries  to  be  literally  packed  with  anthrax  bacilli,  leaves  no 
doubt  that  a  portion  of  the  effect  produced  by  that  bacillus  must 
be  mechanical.  Such  a  mechanical  action  is  probably  superadded 
upon  the  specific  toxic  action  of  all  those  bacteria  which,  at 
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the  time  of  death,  are  found  to  be  swarming  in  the  blood  and 
organs.  In  the  case  of  many  haematozoal  diseases,  it  is  probable 
that  mechanical  action  plays  a  most  important  part ;  whether  the 
parasites  form  toxins  or  no,  is  unknown.  Perhaps  also,  by  con- 
suming that  nutriment  which  in  the  absence  of  the  parasites 
would  go  towards  supporting  the  cells  of  the  body,  they  may  in 
part  act  by  leading  to  a  condition  which  is  akin  to  starvation. 

(x.)  Specificity. — In  order  to  prove  conclusively  that  a 
certain  micro-organism  is  the  cause  of  a  certain  specific  disease, 
the  following  five  fundamental  conditions  must  be  satisfied.  The 
first  four  are  known  as  "  Koch's  postulates." 

L  The  micro-organism  must  be  found  in  the  bodies  of 
animals  suffering  from  or  dead  of  that  disease,  and 
that  disease  alone. 
II.  The  micro-organism  must  be  isolated  from  the  body  of 
the  diseased  animal,  and  must  permit  of  pure  cultiva- 
tion in  successive  generations  on  artificial  media 
outside  the  animal  body. 

III.  A  pure  cultivation  of  the  micro-organism  thus  obtained 

must,  when  introduced  into  the  body  of  a  healthy 
animal,  reproduce  the  disease  in  question. 

IV.  In  the  second  animal  the  same  micro-organism  must  be 

found. 

V.  From  this  second  animal  it  must  be  possible  once  more 
to  obtain  a  pure  cultivation  of  the  micro-organism.1 

Considering  the  stringency  of  the  conditions  imposed,  and  the 
youth  of  bacteriology  as  a  science,  it  is  astonishing  how  many 
micro-organisms  have  been  already  proved  beyond  question  to  be 
the  causes  of  certain  diseases. 

From  the  nature  of  the  case  the  number  of  diseases  incidental 
to  man,  in  which  absolute  proof  has  been  given,  is  much  smaller 
than  in  the  case  of  diseases  common  to  man  and  certain  animals, 
or  incidental  to  animals  alone.  With  regard  to  the  aetiology  of 
most  human  diseases  which  are  looked  upon  as  of  microbial 

1  This  "  postulate"  is  necessary  in  order  to  prove  that  the  bacterium  in  ques- 
tion was  in  a  living  condition  during  the  period  in  which  the  disease  was  running 
its  course  in  the  second  animal :  in  other  words,  to  prove  that  the  disease  in 
the  second  animal  was  the  result  of  the  vital  activity  of  the  micro-organism. 
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origin,  we  are,  however,  at  the  present  time  forced  to  be  content 
with  evidence  which,  though  in  some  cases  it  is  almost  conclusive, 
nevertheless  does  not  amount  to  absolute  proof.  For  other  diseases 
(e.g.,  syphilis,  variola),  though  no  micro-organism  has  as  yet  been 
discovered  which  can  certainly  be  regarded  as  the  cause,  and 
though  at  present  the  only  real  evidence  at  our  disposal  is  the 
infective  nature  of  the  disease,  we  may  with  confidence  predict 
that  at  some  future  time  they  too  will  be  classed  amongst  those 
diseases  the  causal  relationship  between  each  of  which  and  a 
specific  micro-organism  has  been  scientifically  proved. 

Below  is  given  a  list  of  the  chief  micro-organisms  which  are 
generally  accepted  to  be  associated  with  disease  or  diseased 

conditions  in  man. 

r  -n      .7     •         •■  *  j         f  Anthrax,  malignant  pustule  or 
B.  anthracis,  associated  with  <  '      ,&  r 

I     wool-sorter  s  disease. 


Bacilli, 


B.  diphtheria?,  „ 
B.  influenzae,  „ 
B.  icteroides,  „ 
B.  leprae,  „ 
B.  mallei,  „ 
B.  cedematis  maligni,  „ 
B.  pestis,  „ 
B.  pneumoniae  (Friedlander),  ( 
associated  with  \ 
B.  pyocyaneus,  „ 
B.  tetani,  „ 
B.  tuberculosis,  „ 
„  B.  typhosus,1  „ 

'  Diplococcus  gonorrhoeae,2  a>< 
sociated  with  . 


Diplococcus  pneumoniae 
(Frankel),2  associated  with 


Micrococci,  •< 


Diphtheria. 
Influenza. 
Yellow  fever. 
Leprosy. 
Glanders. 

Surgical  gangrene. 
Oriental  plague. 
Some  cases  of  croupous  pneu- 
monia, Rhinoscleroma  (?). 
Blue  or  green  pus. 
Tetanus. 

Tuberculosis  in  all  its  forms. 
Enteric  or  typhoid  fever. 
Gonorrhoea,  gonorrheal  con- 
junctivitis and  gonorrhoeal 
synovitis  or  rheumatism  (?). 
'  Most  cases  of  croupous  pneu- 
monia ;  epidemic  cerebro- 
spinal meningitis;  some  cases 
of  otitis  media:  some  cases 


of  non-epidemic  meningitis. 
pyogenes  c  Suppuration  ;  septicaemia ;  py- 
albus,  asso-  <    semia ;  osteomyelitis  ;  endo- 
.  v    carditis,  simple  and  ulcerative. 

/Same  conditions  as  those  in- 
duce&hy  Staph.pyog.aureus; 
erysipelas. 


Staphylococcus 
aureus  and 
ciated  with 


sipelatis),  associated  with 


1  This  organism  has  also  been  found  in  pure  culture  in  erysipelas. 

2  This  organism  has  also  been  found  in  the  heart-valves  in  ulcerative  endocarditis. 
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Spirilla, 


f  Vibrio  cholercB  asiaticce  (va-  1  Agiatic 
I     rieties  of),  associated  with  J 


True 
Moulds, 


Torula, 


.  Spirillum  Obermeieri,  asso-  j  Relapsing  feyer> 
^     ciated  with     .       .  .J 
f  Achorion  Schdnleinii,  associ-  \  pavus 
I     ated  with  .  J 

|       .  .     I  Actinomycosis;  Madura  foot 

|  Actinomyces,  associated  with  ^  (Kanthack) 

'  Mierosporon  furfur,  associ-  1  K        g  ^ 

ated  with       .       .       .  J 

Trichophyton  tonsurans,  as-  \  m.      ,  .  .  x 

X  Iinea  tonsurans  (ringworm), 
sociated  with  .  J 

.  -f  S«A«™m»«.  _  mycodmm,  1  A  hth£e  (thrush) 
I     associated  with       .  .J 

Below  is  given  a  list  of  infective  diseases  of  which  the  specific 
micro-organisms  have  not  as  yet  been  certainly  discovered,  but 
concerning  whose  microbial1  origin  there  is  the  strongest  pre- 
sumptive evidence : — 

Eabies. 
Rotheln. 
Scarlatina. 
Soft  chancre.2 
Summer  diarrhoea. 

In  the  following  diseases  incidental  to  man  there  is  some 
reason  for  believing  that  a  microbial1  origin  will  in  the  future 
be  discovered: — 


Coryza. 

Follicular  tonsillitis. 
Morbilli. 
Mumps. 
Pertussis. 


Syphilis. 
Typhus  fever. 
Varicella. 

Variola  and  vaccinia. 


Acute  articular  rheumatism. 
Acute  anterior  poliomyelitis. 
Chorea. 


Landry's  paralysis. 
Rheumatoid  arthritis. 
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CHAPTEE  III. 


The  Pathology  of  the  Circulation- 
Pericardium. 


-The  Heart  and 


Synopsis. 


I.  Pathology  of  the  Diseases  of  the 
Pericardium,  direct  and  indirect. 

II.  Pathology  of  Endocarditis,  direct 
and  indirect. 
The  Varieties  of  Endocarditis. 
The  Effects  of  Valve  Lesions  on 

(a)  The  Sounds  of  the  Heart. 

Murmurs. 

(b)  The  Size  of  the  Cavities 

of  the  Heart. 

(c)  The  Thickness  of  the 

Walls  of  the  Heart. 


The  Effects  of  Valve  Lesions  on 
(d)  Other  Organs  and  Tis- 
sues of  the  Body. 

III.  Pathology  of  the  Myocardium, 

direct  and  indirect.  Stenosis 
of  Coronary  Artery. 

IV.  Pathology  of  Congenital  Malfor- 

mation of  the  Heart. 

V.  Pathological  Variations  of  Cardiac 
Rhythm. 

Intermittence. 
Irregularity. 


Though  it  will  be  convenient  to  divide  the  pathology  of  the 
heart  and  pericardium  into  sections  according  as  the  pericardium, 
the  endocardium  including  the  valves,  the  myocardium,  the 
circulation  of  the  heart,  or  the  cardiac  rhythm  is  more  ex- 
clusively affected,  yet  it  must  clearly  be  stated  that  the  import- 
ance of  all  these  pathological  conditions  essentially  depends  upon 
the  fact  that  they  one  and  all  induce  changes  in  the  heart  itself 
whereby  its  function  as  the  central  force  for  the  maintenance  of 
the  circulation  becomes  impaired.  It  will  be  found,  therefore, 
that  most  of  the  conditions  we  are  about  to  consider  primarily 
affect  the  heart  itself,  and  on  that  very  account  secondarily 
produce  more  or  less  grave  affections  of  all  other  parts  of  the 
economy. 

I.  Pathology  of  the  Diseases  of  the  Pericardium,  direct 
and  indirect. — The  pericardium  may  be  the  seat  of  a  variety 
of  changes,  but  by  far  the  most  common  and  important  is 
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inflammation  or  pericarditis.  This  may  own  many  causes,  e.g., 
rheumatism,  scarlatina,  tuberculosis,  renal  disease,  malignant 
disease ;  but  the  most  usual  form  is  that  which  supervenes 
during  the  course  of  acute  rheumatism.  Since  the  pathology  of 
all  these  varieties  is  essentially  the  same,  it  will  be  sufficient  to 
discuss  pericarditis  in  general  terms;  such  points  as  depend 
upon  peculiarities  in  the  particular  cause  we  can  ignore. 

When  the  pericardium  becomes  inflamed  the  normal  smooth- 
ness and  glistening  nature  of  the  serous  membrane  becomes 
changed  for  a  dull  and  lustreless  appearance.  At  the  same  time, 
the  blood-vessels  which  lie  immediately  beneath  the  endothelial 
covering  of  the  membrane  are  seen  to  be  engorged  with  blood. 
At  first  the  membrane  is  dry,  but  by  degrees  inflammatory 
exudation  from  the  blood-vessels  makes  its  appearance  and  the 
membrane  becomes  covered  by  a  more  or  less  continuous  and 
irregular  layer  of  material,  which,  since  it  differs  from  normal 
blood-fibrin,  has  been  called  "  lymph "  or  "  plastic  lymph." 
This  material  is  structureless  or  consists  of  a  fine  meshwork  of 
fibrils  enclosing  a  variable  number  of  leucocytes  and  such  of  the 
endothelial  cells  of  the  pericardium  as  may  have  desquamated. 
The  amount  of  "  lymph  "  present  varies  in  different  cases,  being 
greater  as  the  inflammation  is  more  chronic.  Owing  to  the 
fact  that  it  is  present  on  both  visceral  and  parietal  layers  of  the 
pericardium,  the  movements  of  the  heart,  so  long  as  the  layers 
are  not  separated  by  fluid,  yield  to  the  ear  and  even  to  the  hand 
a  characteristic  "  friction  rub."  A  friction  rub  is  of  course  most 
marked  and  most  readily  called  out  at  that  portion  of  the  peri- 
cardium where  the  surfaces  from  their  anatomical  arrangement 
can  be  but  little  separated  from  one  another,  hence  we  find  that 
it  is  earliest  heard  and  persists  longest  about  the  roots  of  the 
great  blood-vessels.  Another  region  where  it  is  frequently  heard 
is  at  the  seat  of  the  cardiac  impulse,  for  the  apex  of  the  heart 
with  every  systole  brings  visceral  and  parietal  layers  of  the  peri- 
cardium into  contact  at  this  point.  Pericarditis  in  this  stage  is 
also  accompanied  by  precordial  pain  and  rapid  and  weak  heart 
action.  These  probably  depend  upon  direct  or  indirect  stimula- 
tion of  the  afferent  nerve-fibrils  which  underlie  the  pericardium. 
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With  regard  to  the  pain,  afferent  impulses  probably  travel 
directly  up  to  the  higher  parts  of  the  brain,  but  the  modified 
heart  action  probably  depends  on  a  partial  removal  of  the 
normal  tonic  inhibitory  action  of  the  vagus,  brought  about  on 
the  one  hand  by  stimulation  of  the  augmentor  nerves  of  the 
heart,  and  on  the  other  hand  by  changes  in  the  myocardium 
which  always  accompany  pericarditis. 

But  the  inflammation  which  leads  to  the  formation  of 
"  lymph  "  leads,  at  the  same  time,  to  the  exudation  of  fluid  from 
the  blood-vessels.  If,  as  is  invariably  the  case  at  first,  the  rate 
at  which  fluid  is  poured  out  exceeds  the  rate  at  which  it  is 
absorbed  and  carried  away  by  the  lymphatics,  this  fluid  collects 
in  the  pericardial  sac,  and  constitutes  "pericardial  effusion.1' 
According  to  the  disproportion  between  exudation  and  absorp- 
tion, i.e.,  to  the  quantity  of  fluid  in  the  pericardial  sac,  so  are 
the  effects  upon  the  heart.  Normally,  the  sac  can  hold  a  larger 
quantity  of  fluid  than  it  at  any  given  time  contains,  and  there- 
fore a  certain  accumulation  of  exuded  fluid  can  be  accommo- 
dated without  stretching  of  the  membrane.  Instead  of  the 
layers — visceral  and  parietal — being  in  contact,  they  are  now 
separated.  Such  an  amount  of  exudation  is  eminently  bene- 
ficial, for  the  inflamed  surfaces  no  longer  grate  on  one  another 
with  the  heart's  movements.  Not  only  does  this  lead  to  a  dis- 
appearance of  the  friction  sounds,  but  also  it  relieves  the  patient 
of  such  symptoms  as  are  due  solely  to  the  irritation  of  an  in- 
flamed serous  surface.  Unfortunately,  the  amount  of  exudation 
frequently  exceeds  such  beneficial  limits,  and  becoming  pent  up 
in  the  pericardial  sac,  produces  a  series  of  symptoms  which  are 
particularly  distressing  to  the  patient,  and  which  can  easily  be 
shown  to  depend  upon  the  intra-pericardial  pressure. 

If,  in  a  dog,  oil  be  injected  into  the  pericardial  cavity  until  the 
normal  negative  pressure  is  replaced  by  a  positive  pressure,  and 
at  the  same  time  the  blood-pressure  be  registered  in  one  of  the 
branches  of  the  pulmonary  artery,  in  the  carotid,  and  in  the 
external  jugular  vein,  it  will  be  found  that  the  pressures  indi- 
cated differ  from  the  normal  according  to  the  amount  of  fluid 
injected  into  the  pericardial  sac.    In  the  otherwise  untouched 
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animal  the  carotid  pressure  is  about  equal  to  that  of  120  mm.  of 
mercury,  the  pulmonary  pressure  equal  to  about  20  mm.  of 
mercury,  and  the  pressure  in  the  external  jugular  vein  is  zero,  or 
at  most  equals  the  pressure  of  a  column  of  magnesium  sulphate 
a  few  millimetres  in  height.  If  the  amount  of  oil  that  is 
injected  is  small,  such  as,  for  example,  would  lead  to  a  pressure 
of  20  millimetres  of  oil  in  the  pericardial  sac,  the  pressure 
in  systemic  and  pulmonary  arteries  is  seen  to  fall  (the  systemic 
pressure  falling  to  the  greater  extent)  and  the  venous  pressure 
is  seen  to  rise.  Moreover,  in  the  external  jugular  vein,  pulsa- 
tions synchronous  with  the  auricular  systole,  and  therefore 
presystolic  so  far  as  concerns  the  ventricular  systole,  make  their 
appearance,  though  such  pulsations  were  formerly  absent,  or  at 
all  events  so  little  marked  as  to  be  almost  invisible.  If  no 
more  fluid  be  injected  into  the  pericardial  sac,  the  new  levels  of 
pressure  become  established  and  circulation  goes  on  regularly; 
indeed,  after  a  time,  owing  to  relaxation  of  the  pericardium,  the 
pressure  in  the  sac  diminishes,  and  the  arterial  and  venous 
pressures  approximate  more  nearly  to  the  normal.  If,  on  the 
contrary,  more  oil  is  injected,  the  arterial  pressures  become  lower 
and  lower  (the  pulmonary  pressure  being  extinguished  first), 
and  the  venous  pressure  increases,  until  at  last  the  systemic 
arterial  pressure  falls  to  zero.  Under  these  conditions  it 
is  obvious  that  no  blood  at  all  enters  the  aorta,  and  the  cir- 
culation of  blood  is  at  a  standstill.  That  the  results  we  have 
described  are  due  to  the  pericardial  pressure  and  not  to  any 
actual  injury  to  the  heart,  can  easily  be  shown  by  giving  exit  to 
the  oil.  Now,  the  heart  contracts,  the  systemic  and  pulmonary 
arterial  blood- pressures  rise  again  to  the  normal,  indeed  for  a  time 
above  the  normal,  and  the  venous  pressure  again  sinks  to  zero. 

The  method  whereby  these  modifications  of  the  circulation  are 
produced  is  as  follows.  The  increase  of  pressure  in  the  peri- 
cardial sac  is  an  obstacle  to  the  inflow  of  blood  into  the  heart, 
for  normally  the  inflow  into  the  right  auricle  is  greatly  favoured 
by  the  difference  in  pressure  outside  and  inside  the  thorax,  or 
more  strictly  speaking,  outside  the  thorax  and  inside  the  great 
veins  at  their  entrance  into  the  heart.    Since  the  right  auricle 
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receives  less  blood  than  normal,  it  can  pass  on  less  blood  to  the 
right  ventricle,  the  right  ventricle  in  its  turn  ejecting  less  blood 
into  the  pulmonary  artery  ;  the  pulmonary  blood-pressure,  there- 
fore, falls.  For  the  same  reason,  i.e.,  because  the  pulmonary 
artery  receives  less  blood  than  normal,  less  blood  reaches  the 
left  auricle,  and  through  it  the  left  ventricle,  by  way  of  the  pul- 
monary veins.  Since  the  left  ventricle  receives  less  blood,  its 
output  into  the  aorta  is  diminished,  and  diminution  of  output 
of  the  left  ventricle,  unaccompanied  as  in  this  case  by  a  corre- 
sponding increase  in  the  peripheral  resistance,  is  of  necessity 
associated  with  fall  of  aortic  blood-pressure. 

The  venous  blood-pressure,  on  the  other  hand,  rises,  because  with 
the  injection  of  oil  into  the  pericardial  sac  a  new  condition  has 
been  introduced  into  the  circulation  which  disturbs  the  hitherto 
existing  equilibrium  between  inflow  into  and  outflow  from  the 
heart.  It  is  evident,  since  the  aortic  blood-pressure  is  de- 
pendent upon  the  two  factors,  (a)  output  of  the  heart,  and  (b) 
peripheral  resistance  in  the  arteries,  and  since  the  output  of 
the  heart,  cceteris  paribus,  depends  entirely  upon  the  inflow  into 
the  heart,  that  for  the  maintenance  of  a  constant  mean  level 
of  aortic  blood-pressure  the  inflow  into  the  heart  and  the  output 
must  be  exactly  equal.  But  the  blood  which  constitutes  the 
"  inflow  "  is  nothing  more  than  that  amount  of  blood  which, 
as  the  result  of  their  hyper-distension,  passes  from  the  arteries 
into  the  veins  during  cardiac  diastole.  In  other  words,  for  the 
maintenance  of  a  constant  aortic  blood-pressure  the  amount  of 
blood  which  passes  from  arteries  to  veins  during  a  given  cardiac 
diastole  must  be  exactly  equal  to  the  amount  of  blood  which 
has  been  thrown  into  the  arteries  during  the  previous  cardiac 
systole,  and  vice  versa. 

Now,  in  the  case  of  the  dog  before  us,  suddenly,  as  the  result 
of  the  injection  of  oil  into  the  pericardial  sac,  the  output  of  the 
heart  is  diminished,  but  since,  at  the  moment  before  this  occurred, 
the  hyper -distension  of  the  arteries  corresponded  to  a  greater 
output,  the  amount  of  blood  which  passed  from  arteries  to  veins 
also  corresponded  to  that  greater  output.  More  blood,  therefore, 
leaves  the  arterial  system  during  any  given  diastole  than  enters  it 
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during  the  succeeding  systole ;  an  additional  amount  of  blood, 
therefore,  becomes  stored  up  in  the  veins  with  each  heart's 
diastole  until  equilibrium  is  once  more  established,  gradually 
leading  to  the  rise  in  venous  pressure  which  we  have  noted. 

It  is  this  rise  of  venous  pressure  which  renders  maintenance 
of  the  circulation  possible  under  the  altered  conditions,  for  it  is 
obvious  that  if  the  pericardial  pressure  were  by  the  injection  of 
oil  raised  to,  say,  25  mm.  of  oil,  while  the  pressure  in  the  external 
jugular  and  other  veins  outside  the  thorax  remained  at  their 
normal  point,  no  blood  would  flow  into  the  right  auricle  at  all, 
and  the  circulation  would  immediately  cease.  As  it  is,  how- 
ever, the  venous  pressure  rises  with  the  intra-pericardial  pressure 
and  always  maintains  a  slight  superiority  ;  blood,  therefore,  flows 
into  the  right  auricle,  and  though  the  pressures  in  arteries  and 
veins  are  altered,  the  circulation  goes  on.  But  the  pressure 
which  can  be  attained  in  the  venous  system  has  a  limit  which 
varies  with  many  factors,  but  which  is  in  the  majority  of  dogs 
equal  to  that  of  about  280  or  300  millimetres  of  magnesium 
sulphate.  So  long  as  the  intra-pericardial  pressure  is  below 
this,  the  circulation  continues,  however  poorly,  but  once  the 
intra-pericardial  pressure  reaches  this  point,  all  possibility  of 
inflow  from  veins  to  auricle  ceases,  and  circulation  comes  to  a 
standstill  with  the  whole  of  the  blood  of  the  body  collected  in 
the  veins.  The  heart,  however,  for  a  minute  or  thereabouts 
continues  to  contract,  and  if  during  this  time  the  intra-peri- 
cardial pressure  be  reduced,  circulation  re-establishes  itself  as 
has  already  been  said. 

Now  in  cases  in  which  a  considerable  pericardial  effusion 
has  taken  place,  whatever  be  its  cause,  the  symptoms  that 
are  produced  are  essentially  the  same  as  those  which  have  been 
seen  to  occur  after  the  intra-pericardial  pressure  in  the  dog 
has  been  increased  by  injection  of  oil  into  the  pericardial  sac, 
for  the  patient's  pulse  is  small  and  weak,  and  the  veins  in  the 
neck  are  engorged  and  pulsate.  But  in  addition  to  these 
symptoms  others  are  present  which  cannot  be  so  well  discovered 
in  the  dog,  but  the  dependence  of  which  on  the  pericardial 
condition  is  no  less  clear.    The  area  of  cardiac  dulness  is  in- 
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creased,  for  the  distended  pericardium  pushes  away  the  lungs  on 
both  sides ;  moreover,  the  outlines  of  the  dulness,  though  widened 
by  yielding  of  the  pericardium  under  the  pressure,  correspond 
closely  to  the  normal  pear-shaped  outline  of  that  membrane. 
The  patient  is  livid  or  "  cyanosed,"  and  the  cyanosis  depends 
upon  non-aeration  of  the  blood.  This  has  a  twofold  origin  : 
firstly,  the  amount  of  blood  which  passes  through  the  lungs  at 
each  heart's  beat  is  greatly  diminished,  and  secondly,  the  period 
during  which  the  blood  remains  in  the  systemic  capillaries  is 
increased  as  the  result  of  the  closer  approximation  of  arterial 
and  venous  pressures,  and  therefore  a  greater  length  of  time  is 
afforded  for  the  removal  of  oxygen  from  any  particular  portion 
of  blood  by  the  tissues.1  Lastly,  the  identity  of  the  effects  of 
increase  of  pericardial  pressure  under  the  two  conditions,  patho- 
logical and  experimental,  is  conclusively  proved  when  it  is  added 
that  in  the  patient,  as  in  the  dog,  all  pressure-symptoms  disappear 
when  exife  is  given  to  the  pericardial  fluid. 

The  amount  of  fluid  that  is  necessary  to  bring  about  such  a 
condition  as  we  have  been  considering  is  by  no  means  constant, 
for  if  the  increase  of  intra-pericardial  pressure  be  brought  about 
gradually,  the  pericardium  yields  to  a  considerable  extent,  and  a 
larger  collection  of  fluid  is  necessary  to  produce  the  same  severity 
of  symptoms  as  would  be  produced  by  a  smaller  quantity  of 
fluid  if  the  filling  of  the  pericardium  occurred  rapidly.  This  is 
very  well  seen  by  comparing  the  results  of  rupture  of  an  intra- 
pericardial  aneurism,  or  rupture  of  the  heart- wall,  with  the 
results  of  an  effusion  occurring  in  such  a  condition  as  chronic 
valvular  disease.  In  the  latter  case,  the  amount  of  fluid  may 
reach  to  as  much  as  three  pints,  and  yet  the  patient  may  not  be 
conscious  of  very  severe  distress,  for  the  accumulation  of  fluid 
has  been  going  on  for  days ;  but  with  rupture  of  the  heart  or 
with  bursting  of  an  intra-pericardial  aneurism,  though  the 
amount  of  blood  poured  out  may  not  exceed  150-200  c.c,  yet 
death  occurs  within  a  few  minutes.  Moreover,  it  is  not  by 
reason  of  its  property  of  coagulation  that  the  blood  in  these 

1  Orthopnea,  another  symptom  which  shows  itself,  will  be  considered  along 
with  the  Pathology  of  Respiration. 
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latter  cases  acts,  for  fatal  results  occur  in  the  same  way  when 
a  large  hydatid  cyst  of  the  liver  ruptures  and  discharges  its 
non-coagulating  fluid  into  the  pericardial  sac.  In  those  rare 
cases  in  which  the  fluid  in  the  pericardium  becomes  purulent, 
the  symptoms,  though  aggravated  by  cardiac  changes  induced 
by  absorption  of  toxic  substances  from  the  pus,  are  otherwise 
identical. 

But  a  pericardial  effusion  does  not  invariably  end  fatally  or 
call  for  surgical  relief  (paracentesis)  ;  in  the  majority  of  cases  of 
pericarditis,  and  pericarditis  is  by  no  means  uncommon  where 
acute  articular  rheumatism  is  present,  the  effusion,  after  causing 
some  distress,  becomes  absorbed  by  the  lymphatics.  This  occurs 
at  a  varying  time  after  the  original  onset  of  the  pericarditis  and 
leads  to  two  chief  results.  In  the  first  place,  with  the  removal  of 
the  fluid  the  area  of  precordial  dulness  diminishes  and  the  two 
roughened  pericardial  surfaces  again  come  into  contact,  produc- 
ing a  reappearance  of  the  friction  rub.  In  the  second  place,  the 
"  lymph  "  becomes  "  organised,"  i.e.,  it  becomes  converted  into 
fibrous  tissue. 

Adherent  Pericardium. — The  organisation  of  the  "  lymph  " 

leads  to  different  results  in  different  cases ;  in  one,  a  thickened 
and  fibrous  pericardium  may  result,  but  the  visceral  and  parietal 
layers  still  enclose  a  space  ;  in  another,  adhesion  may  take  place 
between  portions  of  the  visceral  and  parietal  layers,  and  fibrous 
cords  or  bands  may  connect  them,  or  even  the  appearance  of  a 
loculated  sac  may  be  presented  ;  in  yet  a  third,  the  two  layers 
of  the  pericardium  may  be  closely  adherent  throughout  their 
whole  extent,  so  that  the  former  cavity  of  the  pericardium  is 
completely  obliterated.  The  effects  produced  by  these  different 
terminations  differ  in  degree,  but  they  all  coincide  in  the  fact 
that  they  throw  extra  work  upon  the  heart,  which  now  has  to 
contract  against  an  additional  resistance  besides  the  normal 
resistance  in  the  arteries.  We  shall  see  later  that,  within  limits, 
if  increased  work  is  demanded  from  any  muscle,  it  hypertrophies. 
The  heart  is  no  exception  to  this  rule  ;  an  adherent  or  partially 
adherent  pericardium  causes  hypertrophy  of  the  ventricular  walls. 
But  an  adherent  pericardium  leads  to  other  secondary  results. 
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Owing  to  the  artificial  rigidity  which  is  thereby  given  to  the 
walls  of  the  heart,  they  are  unable  to  contract  in  a  normal 
manner,  and  one  of  the  most  important  effects  of  the  condition  is 
that  the  normal  closure  of  the  different  valves  of  the  heart  is  inter- 
fered with  to  a  greater  or  less  extent,  and  circulatory  disturb- 
ances are  set  up.  Since  these  disturbances  are  essentially  similar 
to  those  which  result  from  endocarditis,  they  need  not  further  be 
noticed  here,  but  they  must  be  borne  well  in  mind.  If,  as  i8 
sometimes  the  case,  lime  salts  are  deposited  in  the  newly  formed 
fibrous  tissue  of  the  adherent  pericardium,  the  obstacle  to  the 
circulation  is  still  further  increased. 

II.  The  Pathology  of  Endocarditis,  direct  and  indirect. 
— The  causes  which  lead  to  pericarditis  even  more  commonly 
induce  endocarditis ;  this  condition  may  therefore  occur  in 
association  with  pericarditis  or  may  be  independent  of  it. 
When  endocarditis  is  acute  it  is  always  clearly  secondary  to 
some  other  disease,  or  at  all  events  is  associated  with  patho- 
logical lesions  in  other  parts ;  but  some  of  the  chronic  forms — 
namely,  those  in  which  the  endocardium  has  not  obviously 
been  the  seat  of  antecedent  acute  inflammation — are,  in  a 
sense,  primary.  These  no n- inflammatory  forms  of  endocarditis 1 
have  their  counterpart  in  the  "  milk-spots  "  which  are  often  to 
be  found  on  the  visceral  pericardium,  and  which  are  certainly 
independent  of  antecedent  inflammation.  In  the  endocardium, 
non-inflammatory  fibrosis  is  of  great  importance,  from  the  fact 
that  it  orten  attacks  the  valves ;  indeed,  in  all  cases,  affections 
of  the  endocardium  and  valvular  disease  are  almost  synonymous 
terms. 

The  valves  of  the  heart  are  not  equally  liable  to  disease,  for 
though  diseases  of  the  aortic  and  mitral  valves  are  common, 
diseases  of  the  pulmonary  and  tricuspid  valves  are  rare,  and  in 
most  cases  congenital.  It  must  not  be  supposed,  however,  that 
the  right  side  of  the  heart  does  not  suffer  when  the  valves  on 

1  Since  the  termination  "itis"  in  Pathology  is  used  to  designate  "inflamma- 
tion " (bronchitis,  arthritis,  etc.),  the  expression  "non-inflammatory  endocarditis  " 
is  a  contradiction  in  terms.  It  will  be  shown  later  that  it  is  very  doubtful 
whether  many  of  the  so-called  ' '  chronic  inflammations  "  have  any  right  to  be  classed 
as  "  inflammatory  "  at  all.    The  term  is  here  used  only  in  deference  to  custom. 
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the  left  side  are  affected,  for  such  is  not  the  case ;  on  the 
contrary,  the  troubles  of  which  the  patient  with  aortic  or  mitral 
disease  complains  are  very  largely  due  to  failure  not  of  the  left 
but  of  the  right  heart. 

When,  in  the  course  of  some  acute  disease  such  as  acute 
rheumatism,  any  of  the  valves  of  the  heart  are  affected,  they  are 
seen,  if  examined  sufficiently  early,  to  present  on  their  auricular 
surfaces,  i.e.,  those  which  are  directed  towards  the  main  current 
of  the  blood-stream,  a  number  of  small,  greyish,  semi- translucent 
elevations,  each  of  which  is  about  the  size  of  a  pin's  head.  These 
elevations  or  "  granulations "  are  situated  at  a  short  distance 
from  the  free  edges  of  the  flaps  of  the  valve,  and  form  lines  which, 
on  bringing  the  flaps  into  the  normal  systolic  position,  are  seen 
to  coincide  with  the  lines  of  junction  of  the  flaps  during  ventric- 
ular systole.  If  a  granulation  be  examined  at  this  early  stage  it 
is  found  to  be  composed  of  a  mass  of  proliferated  endothelial  cells, 
but  it  does  not  remain  such  for  long ;  degenerative  processes  set 
in,  some  of  the  endothelial  cells  are  cast  off,  and  a  roughened 
surface  is  presented  to  the  blood-stream,  upon  which,  in  the  natural 
order  of  events,  fibrin  is  deposited.  Hence  the  granulations  of 
early  endocarditis,  as  seen  in  the  post-mortem  theatre,  usually 
consist  of  small  masses  of  endothelial  cells  capped  with  fibrin. 

The  fact  that  the  lines  of  granulations  on  the  cusps  of  the 
valve  are  opposite  to  one  another,  and  are  directly  in  contact 
during  ventricular  systole,  suggests  that  direct  infection  may  play 
a  prominent  part  in  their  formation,  while  their  relation  to  the 
blood-stream  suggests  that  their  causa  causans  is  circulating  with 
the  blood.  In  support  of  this  view,  we  find  that,  immediately 
beneath  the  cap  of  fibrin  and  in  its  deepest  layers,  masses  of 
staphylococci  or  streptococci  may  generally  be  demonstrated 
by  appropriate  staining.  The  complete  formation—proliferated 
endothelial  cells,  micro-organisms,  fibrin — is  frequently  termed 
a  "  vegetation.'' 

The  mode  in  which  granulations  are  formed  may  be  looked  at 
in  two  ways :  either  (a)  cocci  circulating  in  the  blood  attach  them- 
selves at  some  one  point  of  the  valve  and  there  grow,  infecting 
the  rest  of  the  cusp  and  adjacent  cusps  directly  by  continuity  or 
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approximation  of  tissue  ;  or  (b)  the  blood  is  modified  by  the 
presence  in  it  of  some  soluble  deleterious  substance  (microbial 
toxin  ?)  or  in  some  other  way,  and  the  modified  blood  acts  as  an 
aseptic  irritant  to  the  endocardium,  particularly  at  those  points 
which  are  most  exposed  to  the  effects  of  pressure  or  to  slight 
injury,  viz.,  the  lines  of  contact  of  the  flaps.  In  the  latter  case  the 
micro-organisms  which  are  so  frequently  present  must  be  regarded 
as  secondary,  and  as  having  been  deposited  from  the  blood  in  a 
region  of  diminished  resistance.  At  the  present  time,  it  is 
impossible  .to  decide  between  these  two  views  owing  to  the 
difficulty  of  obtaining  specimens  of  granulations  prior  to  the 
deposition  upon  them  of  fibrin  from  the  blood. 

The  Varieties  of  Endocarditis. — Two  varieties  of  acute 
endocarditis  are  recognised  by  physicians :  (a)  simple,  and  (b) 
ulcerative  (also  known  as  malignant  or  infective).  Though  these 
two  varieties  differ  in  their  clinical  aspects  to  such  a  degree  that 
their  separation  in  the  wards  is  necessary,  yet  pathologically  it 
must  clearly  be  recognised  that  the  two  varieties  are  but  more  or 
less  marked  examples  of  the  same  process.  It  is  true  that  in 
ulcerative  or  infective  endocarditis  micro-organisms  are  almost 
invariably  found  in  the  vegetations  on  the  cardiac  valves,  but,  as 
we  have  seen,  they  are  very  commonly  present  in  cases  of  what 
would  be  termed  simple  valvulitis.  Nor  can  any  difference  be 
established  between  the  kind  of  micro-organism  found  in  the  two 
varieties.  In  both  usually  Staphylococcus  pyogenes  aureus  is  pre- 
sent ;  nevertheless,  in  the  ulcerative  form  Streptococcus  pyogenes, 
Diplococcus  gonorrhoea,  Diplococcus  pneumonia?,  have  been  found. 

Apart  from  the  fact  that  ulcerative  endocarditis  is  generally 
superposed  upon  a  pre-existing  simple  endocarditis,  the  main 
difference  between  the  varieties  lies  in  the  degree  of  virulence  of 
the  micro-organism  present.  In  simple  endocarditis  they  act  as 
irritants  and  lead  to  an  inflammation  which  ends  in  repair ;  in 
ulcerative  endocarditis  they  act  as  irritants  and  lead  to  an  inflam- 
mation which  ends  in  necrosis.  This  difference  in  virulence  of 
the  micro-organisms  shows  itself  throughout  the  whole  clinical 
histories  of  the  two  conditions.  The  ulcerative  form  with  its 
hectic,  rigors,  sweats,  is  severe  primarily  because  a  large  amount 
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of  the  toxins  which  cause  those  symptoms  is  produced;  the  simple 
variety  is  less  severe  because  such  toxins  are  not  produced  or  are 
produced  only  in  quantities  that  can  be  dealt  with  by  the  body 
without  great  distress.  In  both  varieties  portions  of  the  fibrinous 
vegetations  may  be  broken  off  and  carried  in  the  blood-stream  to 
distant  parts  as  "  emboli,"  but  whereas  in  simple  endocarditis  the 
emboli  are  aseptic  or  contain  only  attenuated  micro-organisms, 
in  ulcerative  endocarditis  the  emboli  are  septic  and  the  micro- 
organisms they  carry  produce  at  the  seat  of  their  arrest  changes 
identical  with  those  which  are  occurring  in  the  valves,  i.e.,  ulcera- 
tion, necrosis,  and  pus-formation.  Further,  the  effects  of  the  two 
varieties  of  endocarditis  upon  the  heart  as  the  central  factor  in 
the  circulation  are  identical  in  kind  though  they  differ  in  degree, 
for  though  the  amount  of  destruction  of  valve  substance  and  the 
amount  of  fibrin  deposit  are  so  much  greater  in  the  case  of 
ulcerative  endocarditis  as  to  be  almost  pathognomonic,  yet  de- 
struction of  valve  substance  and  deposit  of  fibrin  also  occur  in 
simple  endocarditis.  Lastly,  with  regard  to  the  heart  muscle 
itself,  it  is  true,  though  perhaps  not  so  evident  at  first  sight,  that 
the  two  varieties  of  endocarditis  differ  not  in  kind  but  only  in 
degree.  Both  forms  cause  modification  of  the  myocardium,  but 
whereas  the  simple  variety  causes,  first,  impairment  of  function, 
and  later  an  improvement  from  that  impaired  condition,  the 
ulcerative  variety,  mainly  from  the  effects  of  toxic  action,  causes 
impairment  of  function  throughout,  so  that  to  a  greater  degree 
of  impairment  of  valve  is  added  a  greater  degree  of  impairment 
of  muscular  power  of  the  heart,  and  that  too  at  a  time  when 
extra  demands  are  being  made  upon  it.  It  is  seen,  therefore, 
that,  pathologically,  simple  and  ulcerative  endocarditis  differ  only 
in  degree,  and  that  such  differences  as  characterise  the  two 
clinical  varieties  depend  solely  upon  the  virulence  of  the  micro- 
organisms present,  or,  in  other  words,  upon  the  amount  of  toxin 
which  those  micro-organisms  produce. 

Besides  the  acute  varieties  of  endocarditis,  the  valves  of  the 
heart  are  prone  to  undergo  changes  which  lead  to  thickening  and 
puckering  of  their  free  edges,  adhesion  of  adjacent  parts  of 
separate  flaps,  etc.    These  changes  are  essentially  chronic  and  of 
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a  fibrotic  type ;  if  advanced,  the  cusps  of  the  valve  may  become 
irregular  in  outline,  and  almost  cartilaginous  in  hardness.  In 
many  cases  lime  salts  are  deposited  in  the  modified  tissue,  and  thus 
motility  of  the  valves  may  be  completely  abolished.  Changes  such 
as  these  are  particularly  liable  to  produce  "  stenosis  "  or  narrowing 
of  the  valvular  orifice  ;  as  examples  may  be  given  mitral  stenosis 
leading  to  a  so-called  "  button-hole  mitral  orifice,"  and  aortic 
stenosis  in  which  the  entrance  to  the  aorta  may  be  a  mere 
irregular  chink  with  completely  immovable  edges.  In  some 
cases,  no  doubt,  these  chronic  changes  are  of  inflammatory  nature, 
and  are  due  to  repair  of  valves  that  have  at  a  previous  time  been 
the  seat  of  acute  simple  endocarditis,  but  in  many  cases  diseases 
leading  to  acute  valvulitis  {e.g.,  acute  rheumatism)  have  not  been 
antecedent,  and,  as  we  have  said,  there  is  reason  to  believe  that 
many  of  the  so-called  chronic  forms  of  endocarditis  are  not  in- 
flammatory at  all  in  the  usual  acceptance  of  the  term.  In  the 
case  of  aortic  disease  of  the  chronic  type,  at  all  events,  syphilis 
and  old  age  seem  to  be  important  predisposing  causes,  and  the 
change  in  the  valves  bears  a  much  closer  resemblance  to  atheroma 
or  to  simple  fibrosis  than  to  inflammation.  As  a  matter  of  fact, 
the  explanation  of  fibrosis  and  of  calcification  in  the  valves  of  the 
heart  is  as  obscure  as  is  the  explanation  of  those  same  processes 
when  they  occur  elsewhere  in  the  body. 

We  have  briefly  considered  above  the  direct  effects  of  endo- 
carditis so  far  as  they  concern  the  heart-valves  themselves  ;  the 
effects  of  such  valve  lesions  (and  we  may  add  to  them  valve 
lesions  produced  by  injury,  such  as  rupture  of  the  flaps  or  of  the 
chordae  tendineae)  upon  the  heart  itself  and  upon  the  body  at 
large  must  now  be  examined. 

In  the  first  place,  it  is  evident  that  a  valve  lesion  may  act 
primarily  in  either  of  two  ways:  it  may  (a)  impede  the  flow 
of  blood  through  an  orifice  by  leading  to  narrowing  or  stenosis  of 
that  orifice,  and  this  obstruction  to  the  flow  of  blood  will  act 
during  the  systole  of  the  cavity  behind1  the  stenosed  orifice ;  or 
(b)  it  may,  by  interference  with  the  closure  of  the  valves,  allow 
of  reflux  through  an  orifice  during  systole  of  a  ventricle  if  that 
1  I.e.,  with  reference  to  the  direction  of  the  normal  blood  flow. 
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orifice  be  either  mitral  or  tricuspid,  or  during  diastole  of  a 
ventricle  if  that  orifice  be  either  at  the  aortic  or  the  pulmonary 
semilunar  valves.  Valvular  disease  may  therefore  be  either 
"  obstructive"  or  "  regurgitant,'5  a  valve  may  be  either  "  stenosed  " 
or  "  incompetent/'  As  a  rule,  when  obstruction  is  present,  it  is 
accompanied  by  a  greater  or  less  degree  of  regurgitation,  but 
the  converse  is  not  true,  for  uncomplicated  regurgitation  is 
frequently  seen. 

Obstruction  or  regurgitation  may  occur  at  any  of  the  valvular 
orifices  of  the  heart,  but  relatively  uncomplicated  obstruction 
is  far  more  common  at  the  mitral  than  at  the  aortic  orifice, 
while  on  the  right  side  of  the  heart  a  variable  but  usually  small 
degree  of  obstruction  at  the  pulmonary  semilunar  valves  is 
the  commonest  form  of  all  the  varieties  of  congenital  heart 
disease.  Beyond  this  broad  statement  little  more  can  be  said  as 
to  the  relative  frequency  with  which  the  various  orifices  of  the 
neart  are  affected,  owing  to  the  fact  that  other  valves  besides  the 
one  primarily  affected  become  of  necessity  secondarily  involved,  if 
the  patient  lives  for  a  sufficient  length  of  time.  It  may,  how- 
ever, be  added  that  aortic  disease  is  commoner  in  men  than  in 
women,  and  that  lesions  of  the  mitral  valve  (especially  mitral 
stenosis)  are  commoner  in  women  than  in  men. 

With  regard  to  their  gravity  there  is  a  general  consensus  of 
opinion  that  obstruction  is  less  grave  than  regurgitation,  and  that 
mitral  regurgitation  is  less  grave  than  aortic  regurgitation. 
Valve  lesions  of  the  left  heart  may  therefore  be  arranged  in  the 
following  order  of  severity,  beginning  with  the  least  severe : 
1,  aortic  stenosis;  2,  mitral  stenosis;  3,  mitral  incompetence;  4, 
aortic  incompetence.  On  the  right  side  of  the  heart  a  moderate 
degree  of  stenosis  of  the  pulmonary  orifice  is  of  but  little  import ; 
tricuspid  regurgitation,  on  the  other  hand,  especially  if  secondary  to 
a  valvular  lesion  on  the  left  side,  constitutes  one  of  the  most  severe 
forms  of  disease  to  which  the  heart  is  liable.  Tricuspid  stenosis 
and  pulmonary  regurgitation  are  so  rare  as  to  be  almost  unknown. 

The  effects  of  valve  lesions  show  themselves  upon  (A)  the 
sounds  of  the  heart,  (B)  the  size  of  the  cavities  of  the  heart,  (C) 
the  thickness  of  the  muscular  walls  of  the  heart,  (D)  other  organs 


VALVULAR  MURMURS. 


61 


and  tissues  of  the  body.  Each  of  these  must  be  considered 
somewhat  in  detail. 

A.  The  effects  of  Valve  Lesions  upon  the  Sounds  of  the 
Heart. — Though  it  cannot  be  said  to  be  a  matter  beyond  doubt 
in  the  case  of  the  first  sound  it  is  probable  that  this  is  largely, 
and  it  is  certain  that  the  second  sound  is  entirely  of  valvular 
origin ;  it  is  therefore  only  reasonable  to  expect  that  any  modi- 
fication of  the  valves  should  lead  to  corresponding  changes  in 
either  the  first  or  the  second  heart  sound. 

Aortic  Valves. — If  there  be  obstruction  at  the  aortic  orifice,  the 
effect  of  that  obstruction  will  be  to  introduce  some  modification 
of  sound  during  that  period  of  the  cardiac  cycle  when  the 
blood  is  passing  the  obstruction,  i.e.,  during  ventricular  systole. 
We  shall  therefore  find  that  the  first  sound  of  the  heart 
as  heard  at  the  base  is  replaced  by  a  more  or  less  rough  or 
harsh  sound1  which  is  best  heard  in  the  second  costal  inter- 
space on  the  right  side,  as  being  that  point  where  the  aorta 
comes  most  closely  in  relation  with  the  chest  wall,  but  which 
may  also  be  heard  over  the  carotid  arteries,  or  even  over  the 
femoral  arteries,  at  points  where  these  vessels  are  superficial. 
If  there  be  regurgitation  at  the  aortic  orifice,  the  modification  of 
heart  sound  will  take  place  during  ventricular  diastole ;  the 
normal  sharp  and  clear  second  sound  will  be  abolished  or  modi- 
fied, and  a  murmur  will  be  heard  during  a  longer  or  shorter 
portion  of  the  diastole.  This  murmur  may  be  loudest  either  at 
the  base  of  the  heart,  or,  owing  to  the  superior  conducting  power 
of  the  sternum,  along  that  bone,  but  in  most  cases  it  is  heard  best 
at  the  ensiform  cartilage.  The  exact  explanation  of  the  fact  that 
an  aortic  regurgitant  murmur  is  frequently  best  heard  at  the 
ensiform  cartilage  is  not  quite  clear,  but  it  probably  depends  upon 
the  fact  that  the  sound  formed  at  the  aortic  orifice  is  conducted 
by  the  septum  and  by  the  regurgitant  column  of  blood  towards 
the  apex,  but  in  the  main  is  transferred  by  the  right  ventricle 
and  the  blood  which  it  contains  to  the  sternum  at  the  lower  end. 

1  In  cases  where  there  is  extreme  aortic  stenosis  due  to  calcification  of  the  aortic 
semilunar  valves  the  murmur  may  have  a  cooing  or  a  musical  character,  but  it  is 
not  proposed  to  discuss  the  varieties  of  abnormal  heart  sounds  at  length. 
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At  first  sight,  one  might  suppose  that  the  sound,  if  conducted  by 
the  septum  and  the  regurgitant  column  of  blood  towards  the 
apex,  should  be  heard  best  at  the  seat  of  cardiac  impulse,  since 
that  is  the  point  where  the  septum  and  the  regurgitant  column 
of  blood  come  most  closely  in  contact  with  the  chest  wall ;  but 
it  must  be  remembered  that  the  apex  of  the  heart  only  comes 
into  contact  with  the  chest  wall  during  ventricular  systole,  i.e., 
during  that  especial  portion  of  the  cardiac  cycle  when  the  aortic 
diastolic  murmur  ceases.  Nevertheless,  in  a  few  cases,  aortic  re- 
gurgitant murmurs  are  best  heard  at  the  seat  of  cardiac  impulse. 

Mitral  Valve. — If  the  mitral  valve  allow  of  regurgitation,  the 
normal  first  sound  of  the  heart  is  in  whole  or  in  part  replaced  by 
a  systolic  murmur.  This  systolic  murmur  is  best  heard  at  the  apex, 
may  be  traced  round  into  the  left  axillary  region,  and  occasionally 
may  be  heard  at  the  angle  of  the  left  scapula.  It  is  best  heard 
at  the  apex,  because  ventricular  systole,  during  which  the  sound 
is  being  produced,  brings  the  apex  of  the  heart  into  contact  with 
the  chest  wall,  and  therefore  at  the  seat  of  cardiac  impulse  one's 
ear  is  in  the  most  intimate  relation  with  the  seat  of  production 
of  the  sound.  It  is  conducted  into  the  axillary  region  by 
continuity  of  tissue,  for  during  the  period  of  formation  of  the 
murmur  the  heart's  apex  is  in  contact  with  the  chest  wall,  and  a 
portion  of  the  vibrations  which  cause  the  murmur  is  conducted 
still  in  the  same  direction  (a  line  joining  auriculo-ventricular 
orifice  and  apex  produced  in  the  latter  direction)  by  the  thoracic 
wall.  It  is  heard  at  the  angle  of  the  scapula,  because  a  portion 
of  the  sound  formed  at  the  mitral  orifice  is  conducted  directly 
backwards  by  the  solid  tissues  (descending  aorta,  root  of  lung,  etc.), 
which  lie  between  the  seat  of  production  of  the  sound  and  the 
chest  wall  in  this  direction.  If  mitral  stenosis  be  present,  a 
murmur  is  formed  in  the  neighbourhood  of  the  mitral  orifice  and 
is  conducted  to  the  apex,  where  it  is  well  heard  and  usually 
strictly  localised.  As  to  the  time  at  which  this  murmur  is 
audible  with  reference  to  ventricular  systole,  there  is  some 
difference  of  opinion  ;  most  authors  regard  it  as  being  formed 
during  auricular  systole  and  as  due  to  obstruction  of  the  flow  of 
blood  from  left  auricle  to  left  ventricle — they  therefore  speak  of 
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it  as  "  presystolic  "  ;  other  authors  (Charlewood  Turner,  Dickin- 
son, and  others)  maintain  that  it  is  audible  at  the  moment 
of  cardiac  impulse,  that  it  is  therefore  in  reality  systolic,  and 
is  formed  by  regurgitation  through  a  contracted  mitral  valve. 
The  point  is  one  which  it  is  very  difficult  to  decide,  even 
with  most  careful  auscultation ;  the  fact,  however,  that  the 
murmur  in  question  is  best  heard  at  the  region  of  cardiac 
impulse  seems  to  suggest  that  it  is  formed  during  the  period  of 
the  cardiac  cycle,  when  the  apex  of  the  heart  is  in  contact  with 
the  chest  wall,  i.e.,  during  ventricular  systole.  But  why,  if 
that  be  the  case,  the  murmur  should  have  its  strict  localisation 
and  should  present  so  marked  a  contrast  to  the  ordinary  mitral 
systolic  murmur,  it  is  difficult  to  say.  This  is  of  the  less  import- 
ance, since  it  is  agreed  on  all  hands  that  the  murmur  in  question, 
whether  it  is  to  be  regarded  as  systolic  or  as  presystolic,  is 
always  associated  with  stenosis  of  the  mitral  valve. 

Pulmonary  and  Tricuspid  Valves. — On  the  right  side  of  the 
heart,  if  obstruction  be  present  at  the  orifice  of  the  pulmonary 
artery,  the  normal  sound  formed  at  this  point  is  replaced  by  a 
more  or  less  harsh  murmur  heard  in  the  second  left  costal  inter- 
space, which  is  the  point  where  the  pulmonary  artery,  or  rather 
its  left  branch,  is  in  closest  relation  with  the  chest  wall.  Lesions 
of  the  tricuspid  valve  rarely  produce  any  specific  murmurs,  partly 
by  reason  of  the  depth  at  which  the  valve  is  situated  in  the 
thorax,  partly  by  reason  of  the  absence  of  good  conducting 
material,  and  partly  by  reason  of  the  small  force  with  which  the 
right  ventricle  contracts.  Occasionally,  in  tricuspid  regurgita- 
tion, a  systolic  murmur  formed  in  the  neighbourhood  of  the 
tricuspid  valve  may  be  heard  in  the  fifth  right  costal  interspace 
three  and  a  half  inches  to  the  right  of  the  sternal  border. 

Physics  of  Murmur-Formation. — As  to  the  mechanism  of 
murmur -formation  it  was  long  held  with  Laennec  that  murmurs 
are  formed  by  the  passage  of  blood  over  a  roughened  surface, 
but  the  facts  that  cardiac  murmurs  may  be  heard  with  great 
distinctness  when  the  autopsy  reveals  perfectly  healthy  valves, 
and  that  in  anaemia  intensely  loud  murmurs  may  be  heard  in 
the  veins  of  the  neck  when  those  veins  are  in  no  way  diseased, 
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are  alone  sufficient  to  negative  this  view.  But,  in  addition, 
though  the  cavity  of  an  aneurism  is  markedly  rough,  the  pro- 
duction of  a  murmur  over  an  aneurism  is  by  no  means  invariable. 

At  the  present  time,  it  is  generally  held  that  murmurs  are 
formed  by  the  passage  of  fluid  from  a  narrower  into  a  wider 
cavity.  If  a  bulb  be  blown  on  a  piece  of  ordinary  glass  tubing 
which  is  provided  with  a  T-piece,  and  water  be  allowed  to  flow 
from  a  reservoir  through  the  bulb  (the  T-piece  being  situate 
between  bulb  and  reservoir),  nothing  remarkable  will  be  observed; 
but  if,  at  the  same  time,  through  the  T-piece  a  small  constant 
stream  of  coloured  fluid  be  allowed  to  flow,  it  will  be  noticed  that 
though  the  coloured  stream  remains  distinct  from  the  water  for 
some  little  distance  after  entering  the  bulb,  yet  it  forms  eddies 
in  the  bulb  itself  before  becoming  completely  mixed  with  the 
water.  It  is  assumed  that  similar  eddies  are  formed  when  the 
blood  passes  any  narrow  opening  (such  as  those  which  cause 
stenosis  or  allow  of  regurgitation)  into  a  wider  space  beyond,  and 
that  the  eddies  thus  formed  on  the  distal  side  of  the  constriction 
produce  vibrations  of  the  vessel  or  heart  wall  which  are  conducted 
to  the  ear  as  audible  sounds,  and  constitute  the  murmurs. 

But  this  does  not  constitute  the  whole  explanation.  It  is 
certain  that  the  "  bruit  de  diahle"  heard  in  the  veins  of  the  neck 
in  anaemia  may  be  intensified  by  exerting  slight  pressure  on  the 
neck  with  the  stethoscope,  but  a  bruit  de  diable  is  not  generally 
brought  out  in  a  healthy  person  however  much  pressure  be 
applied.  The  ease  with  which  eddies  are  formed  depends  princi- 
pally upon  the  degree  of  constriction  as  compared  with  the 
diameter  of  the  cavity  beyond  the  constriction,  but  depends  also 
upon  the  velocity  of  the  flow  and  upon  the  viscosity  of  the  fluid, 
varying  directly  with  the  first  and  second,  inversely  with  the  third. 
In  anaemia,  since  the  specific  gravity  of  the  blood  is  markedly  lower 
than  normal,  there  is  reason  to  believe  that  the  viscosity  of  the 
blood  is  diminished,  and  it  may  be  that  in  this  lies  the  true  ex- 
planation of  anaemic  and  many  of  the  so-called  functional  murmurs. 

The  fact  that  the  readiness  with  which  eddies  are  formed  varies 
directly  as  the  velocity  with  which  the  fluid  is  moving,  affords 
an  explanation  of  certain  well-known  peculiarities  of  murmurs. 
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Thus,  a  soft  murmur  is  often  associated  with  a  weak  heart,  and 
may  give  place  to  a  loud  murmur  when,  under  the  influence  of 
rest  or  drugs,  the  myocardium  has  become  strengthened  and 
capable  of  ejecting  the  blood  with  a  greater  degree  of  force. 
Again,  a  murmur  which  is  absent  or  is  inaudible  when  the 
patient  is  in  the  recumbent  position,  may  be  distinctly  audible 
when  the  patient  is  placed  in  the  sitting  or  standing  posture,  or 
if  he  have  just  taken  a  few  steps  up  and  down  the  room.  Under 
any  of  these  conditions  the  heart  contracts  more  rapidly  and 
more  forcibly  than  when  the  patient  is  in  the  recumbent  posi- 
tion, and  the  result  is  that  the  velocity  of  the  blood-stream  is 
increased.  Again,  the  disappearance  of  a  murmur  when  organic 
disease  of  the  heart  is  known  to  exist  is  frequently  of  grave 
import,  meaning,  as  it  may  do,  that  the  muscular  force  of  the 
heart  has  become  impaired  to  such  an  extent  that  it  can  no 
longer  impart  sufficient  velocity  to  the  blood  for  the  formation  of 
murmurs.  Speaking  broadly,  therefore,  it  may  be  stated  that  if 
organic  disease  of  the  valves  or  myocardium  be  present,  a  loud 
murmur  is  of  less  serious  import  than  a  soft  murmur,  and  this 
because  a  loud  murmur  generally  implies  that  cardiac  contraction 
is  taking  place  with  some  considerable  amount  of  force.  Mur- 
murs occurring  in  the  absence  of  recognised  organic  disease  of 
valves  or  myocardium  fall  into  quite  a  different  category  of  case, 
though  of  course  their  mode  of  formation  must  be  identical. 
We  shall  consider  them  along  with  functional  diseases  of  the 
heart. 

B.  The  effect  of  Valvular  Lesions  upon  the  Size  of 
the  Cavities  of  the  Heart. — With  regard  to  this  point,  it  will 
be  necessary  to  consider  the  ventricles  more  closely  than  the 
auricles.  Owing  to  the  fact  that  the  left  auricle  is  in  connec- 
tion with  the  large  pulmonary  venous  system,  which  is  un- 
provided with  valves,  the  pulmonary  veins  and  the  left  auricle 
may  be  regarded  as  forming  part  of  one  large  cavity  with  thin 
walls  extending  between  the  pulmonary  semilunar  valves  and 
the  mitral  valve :  the  right  auricle  similarly  forms  another 
large  thin- walled  cavity,  owing  to  its  connection  with  the 
superior  and  inferior  vena?  cavse.    The  ventricles,  on  the  other 
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hand,  though  their  walls  are  thick,  form  small  cavities  bounded 
by  the  auriculo-ventricular  and  the  semilunar  valves. 

If  the  quantity  of  blood  in  any  of  the  cavities  of  the 
heart  (the  auricles  being  considered  here  anatomically)  be  in- 
creased, the  effect  that  such  an  increase  has  upon  the  size  of  the 
cavity  depends  entirely  upon  the  cavity  in  which  the  increased 
volume  of  blood  is  situated.  If,  for  example,  the  volume  of 
blood  in  the  left  auricle  be  doubled,  the  increase  of  pressure 
which  that  increase  of  volume  of  blood  produces,  immediately 
reacts  throughout  the  whole  of  the  large  pulmonary  venous 
system,  and  a  minute  passive  distension  of  that  system  readily 
affords  room  for  the  few  extra  cubic  centimetres  of  blood :  the 
size  of  the  left  auricular  cavity  remains  practically  unchanged. 
But  if  the  volume  of  blood  in  the  left  ventricle  be  doubled,  the 
only  manner  in  which  that  blood  can  be  accommodated  along 
with  competency  of  the  valves,  is  by  a  distension  or  dilatation  of 
the  ventricular  cavity.  It  follows,  therefore,  that  increase  in  the 
amount  of  blood  which  is  contained  in  the  heart  at  any  given 
time  produces  a  far  greater  effect  upon  the  size  of  the  ventricu- 
lar than  it  does  upon  the  size  of  the  auricular  cavities. 

Now  it  may  readily  be  shown  that  one  of  the  earliest  effects  of 
a  valvular  lesion  is  to  increase  the  volume  of  the  residual  blood.1 
If  we  assume  that  aortic  stenosis  be  suddenly  produced  in  a  given 
ventricular  systole  at  the  moment  when  the  mitral  valve  closes, 
and  that  the  effective  force  and  duration  of  the  systole  remain 
constant,  it  is  clear  that  at  the  end  of  that  systole  a  larger  amount 
of  blood  must  remain  in  the  left  ventricle  than  remained  at  the 
end  of  previous  systoles ;  for  the  force  of  propulsion  and  the  time 
remain  constant,  but  the  diameter  of  the  outlet  is  diminished. 
But  during  the  period  between  closure  of  the  mitral  valve  in  this 
first  systole  after  production  of  aortic  stenosis,  and  its  subsequent 
opening,  the  amount  of  blood  which  has  collected  behind  the 
mitral  valve  and  the  pressure  which  that  blood  exerts,  are  the 
same  as  when  the  aorta  was  unobstructed..  Hence,  at  the  com- 
mencement of  the  second  systole  after  the  production  of  stenosis, 

1  By  the  term  "  residual  blood  "  is  meant  that  quantity  which  either  ventricle 
oontains  at  the  height  of  systole. 
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the  left  ventricle  not  only  has  to  find  room  for  that  amount  of 
blood  which  it  was  unable  to  pass  into  the  aorta  at  the  last  systole, 
but  also  for  an  amount  corresponding  to  a  normal  ventricular 
output,  and  reaching  it  from  the  left  auricle.  It  must  therefore 
dilate,  and  it  will  continue  to  dilate  with  each  diastole  until  the 
amount  of  blood  which  it  receives  during  diastole  is  equal  to  the 
amount  of  blood  which  it  ejects  into  the  aorta  during  systole. 
If,  now,  no  further  modification  be  introduced,  the  status  quo  will 
be  maintained  and  the  circulation  will  go  on,  but  the  quantity  of 
residual  blood  remaining  in  the  left  ventricle  at  each  systole, 
though  constant,  will  be  greater  than  normal,  and  the  left  ven- 
tricle itself  will  be  dilated.  In  the  same  way  obstruction  at  the 
pulmonary  semilunar  valves  leads  to  dilatation  of  the  right 
ventricle,  but  since  the  walls  of  the  right  ventricle  are  thinner 
than  those  of  the  left,  it  is  less  able  to  withstand  increase  of 
pressure,  and  therefore  yields  more  readily  to  dilating  forces. 

If,  instead  of  obstruction,  regurgitation  takes  place,  the  same 
dilatation  of  the  ventricles  must  also  occur.  In  the  case  of 
aortic  regurgitation  it  is  evident  that  the  amount  of  blood  which 
the  left  ventricle  is  called  upon  to  contain  must  be  largely  in- 
creased, for  the  whole  of  the  arterial  peripheral  resistance  is 
tending  to  force  the  blood  back  from  the  systemic  arteries  into 
the  left  ventricle  during  its  diastole.  But  the  same  is  true  if 
regurgitation  occurs  at  the  mitral  valve,  for  the  left  ventricle 
during  its  diastole  is  obliged  to  receive  not  only  an  amount  of 
blood  equal  to  the  volume  which  at  its  last  systole  it  injected 
into  the  aorta,  but  also  that  additional  amount  which  during 
the  preceding  systole  it  had  forced  back  into  the  left  auricle 
instead  of  onwards  into  the  aorta.  Moreover,  in  this  case  the 
regurgitant  column  of  blood  raises  the  pulmonary  venous  pres- 
sure and  thereby  increases  one  of  the  forces  which  are  about 
to  produce  ventricular  dilatation  in  the  succeeding  diastole. 
Mutatis  mutandis,  the  same  is  true  in  the  case  of  tricuspid 
incompetence. 

C.  The  effects  of  Valvular  Lesions  upon  the  thickness 
of  the  Muscular  Walls  of  the  Heart. — It  has  been  stated 
above  that  if  the  effective  force  and  duration  of  the  ventricular 
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systole  remain  constant,  but  the  diameter  of  the  aortic  orifice  be 
diminished,  the  amount  of  residual  blood  in  the  left  ventricle  in- 
creases, and,  therefore,  the  cavity  dilates.  This  statement  tacitly 
includes  another  factor  which  comes  into  play  when  any  valve  of 
the  heart  becomes  diseased.  In  the  case  of  a  contractile  sphere 
with  liquid  contents  (and  the  ventricle  filled  with  blood  may  be 
regarded  in  this  light),  dilatation  produces  two  results:  1,  the 
walls  become  thinner,  and  2,  as  Eoy  and  Adami  have  pointed 
out,  the  resistance  to  contraction  of  the  wall  is  increased. 
Now  it  follows  from  these  considerations  that  the  effective  force 
of  the  ventricle  cannot  remain  constant  when  dilatation  is  occur- 
ring, unless  the  actual  force  of  ventricular  contraction  increases. 
It  is  to  this  latter  point  that  attention  must  now  be  turned. 

The  effect  that  will  be  produced  upon  the  muscular  walls  of 
the  heart  by  any  valvular  lesion  depends  chiefly  upon  three  main 
factors:  1,  the  initial  nutritive  condition  of  the  muscular  tissue 
of  the  heart ;  2,  the  amount  of  circulatory  disturbance  that  the 
valvular  lesion  itself  introduces ;  and  3,  the  situation  of  the 
valve  that  is  affected.  The  first  we  shall  discuss  along  with  the 
pathology  of  the  myocardium ;  it  need  here  only  be  remarked 
that  unless  the  muscular  tissue  be  healthy  none  of  the  changes  we 
are  about  to  detail  can  take  place,  or  only  to  a  limited  extent. 
With  regard  to  the  amount  of  circulatory  disturbance  introduced 
by  the  valvular  lesion  itself,  it  is  clear  that  the  lesion  may  be 
so  suddenly  produced  or  may  be  so  extensive  that  the  dilatation 
of  the  ventricles  to  accommodate  the  increase  of  residual  blood 
proceeds  by  strides  so  great  that  the  normal  reserve  power  of  the 
ventricle,  though  exerted  to  the  full,  is  unable  to  maintain  a 
constant  effective  force  of  systole.  Under  these  circumstances 
ventricular  dilatation  must  lead  through  the  series  of  stages 
which  constitute  "  cardiac  failure  "  and  must  end  in  death.  At 
the  autopsy  the  heart  muscle  will  be  found  flabby  and  thinned, 
the  ventricles  dilated,  and  both  they  and  -the  auricles  distended 
with  blood  ;  the  picture  will  be  one  of  a  heart  that  has  completely 
failed  to  cope  with  its  contents. 

Fortunately,  however,  such  a  termination  is  comparatively  rare. 
More  commonly  the  amount  of  dilatation  that  is  produced  by  the 


VALVE  LESIONS  AND  HYPERTROPHY  OF  VENTRICLES. 


69 


valvular  lesion  is  sufficiently  small  for  an  effective  systole  to  be 
brought  about  by  a  call  upon  the  reserve  power  of  the  heart  which 
can  be  met ;  sudden  and  fatal  dilatation  of  the  ventricle  is  thereby 
staved  off.  But  since  the  dilatation  of  the  ventricles  increases  the 
resistance  to  contraction,  whereby  more  work  is  thrown  upon  the 
muscular  walls  of  the  heart,  the  heart  muscle  responds  in  the 
manner  customary  with  all  muscular  tissue  when  it  is  intermit- 
tently1 called  upon  to  perform  more  work  and  hypertrophies. 
The  ventricular  wall  becomes  again  as  thick  as  it  was  before 
dilatation  set  in,  or  even  thicker,  the  heart  beats  with  increased 
force,  and  the  cardiac  impulse  may  be  "  heaving  "  in  character. 

At  the  same  time,  since  the  left  is  the  chief  ventricle  to 
undergo  change,  the  apex  of  the  heart  becomes  displaced  down- 
wards and  outwards,  and  the  visible  impulse  may  be  in  the  seventh 
costal  interspace  well  to  the  outer  side  of  the  nipple  line.  Along 
with  the  onset  of  hypertrophy,  need  for  assistance  from  the  re- 
serve force  of  the  heart  ceases,  and  since  the  hyper trophied  heart 
under  the  conditions  we  are  considering  produces  a  more  powerful 
systole,  a  greater  amount  of  blood  than  is  received  by  the  ventricle 
is,  for  a  time,  ejected  by  it  at  each  heart's  beat  into  the  aorta. 
The  amount  of  residual  blood  is  thereby  diminished  and  pari 
passu  the  cavity  of  the  ventricle  tends  to  return  to  its  original 
normal  size.  The  natural  cure,  therefore,  for  dilatation  of  the 
heart  is  the  muscular  hypertrophy  which  that  dilatation  induces. 

We  have  spoken  throughout  chiefly  of  the  left  ventricle,  but  the 
right  ventricle  also  undergoes  identical  changes  when  there  is  ob- 
struction to  the  flow  of  blood  through  the  pulmonary  orifice,  or 
when  the  tricuspid  valve  becomes  incompetent.  Nevertheless, 
there  are  certain  differences  which  must  be  noted  with  reference 
to  this  cavity.  In  the  first  place,  changes  in  the  right  ventricle 
dependent  upon  valvular  lesion  are,  with  the  exception  of  the  rare 
cases  of  primary  valvular  disease  of  the  right  side  of  the  heart, 
always  immediately  preceded  by  mitral  incompetence.  As  the 
result  of  this  mitral  incompetence,  the  blood  pressure  in  the  pul- 
monary venous  system  is  raised,  for  at  each  systole  of  the  left 

1  It  will  be  seen  later  that  intermittence  of  action  of  a  stimulus  is  essential  to 
the  occurrence  of  hypertrophy. 
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ventricle  blood  regurgitates  through  the  mitral  orifice  into  the 
left  auricle,  which  is  in  direct  continuity  with  the  pulmonary 
veins.  This  increase  of  pulmonary  venous  pressure  acts  back- 
wards through  the  pulmonary  capillaries  upon  the  blood  in  the 
pulmonary  artery  and  creates  an  obstacle  to  the  opening  of  the 
pulmonary  semilunar  valves.  More  work  is  therefore  thrown 
upon  the  right  ventricle,  which,  following  the  law  we  have  dis- 
cussed above,  dilates  to  accommodate  an  increase  of  residual 
blood,  and  also  hypertrophies.  In  the  second  place,  owing  to 
the  thinness  of  the  right  ventricular  wall,  accumulation  of 
residual  blood  more  readily  leads  to  dilatation  on  this  side  of 
the  heart  than  it  does  on  the  left  side.  One  may,  therefore, 
briefly  state  that  while  dilatation  and  hypertrophy  occur  in  the 
case  of  both  ventricles  as  the  result  of  valvular  lesion,  dilatation 
is  more  common  and  more  marked  in  the  right  ventricle,  hyper- 
trophy is  more  common  and  more  marked  in  the  left  ventricle. 

To  the  more  common  hypertrophy  of  the  left  ventricle  also 
conduces  the  fact  that  lesions  of  the  aortic  and  mitral  valves  are 
so  much  more  frequently  met  with  than  lesions  of  any  other 
valves.  Aortic  stenosis  throws  more  work  upon  the  left 
ventricle,  for  though  the  volume  of  blood  to  be  injected  into  the 
aorta  is  the  same,  the  duration  of  systole  is  not  increased 1  and 
the  aortic  orifice  is  diminished  in  diameter.  In  the  cases  of 
aortic  regurgitation  and  mitral  regurgitation,  more  work  is 
demanded  of  the  left  ventricle,  because,  in  the  first  case,  it  not 
only  has  to  inject  into  the  aorta  the  normal  amount  of  blood 

1  It  is  not  absolutely  correct  to  say  that  the  volume  of  blood  to  be  injected  into 
the  aorta  and  the  duration  of  systole  remain  normal  when  the  aortic  orifice  is 
stenosed.  The  atrophic  condition  of  parts  supplied  by  systemic  arteries  in  many 
cases  is  clear  evidence  that  such  parts  do  not  receive  their  full  blood  supply. 
With  regard  to  the  duration  of  systole,  the  matter  is  more  difficult ;  owing  to  the 
larger  area  of  heart  which  comes  into  contact  with  the  chest  wall  during  systole 
an  impression  is  given  of  a  prolonged  systole.  According  to  Fagge  and  Pye- 
Smith,  the  pulse  in  aortic  stenosis  is  infrequent,  but  infrequency  of  pulse  must 
be  regarded  as  evidence  of  prolongation  of  diastole  rather  than  as  evidence  of 
prolongation  of  systole  ;  and  though  the  sphygmograph  shows  that  with  extreme 
stenosis  the  summit  of  the  pulse-wave  is  more  slowly  reached  than  normal,  great 
caution  must  be  exercised  in  interpreting  cardiac  events  by  the  light  of  sphygmo- 
graphic  tracings.    In  any  case  the  statements  made  in  the  text  do  not  err  largely. 

In  aortic  stenosis  and  regurgitation  the  dilated  and  hyper  trophied  heart  may 
weigh  as  much  as  forty-five  ounces  (Fagge  and  Pye-Smith). 
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but  also  that  amount  which  has  returned  to  it  during  the  pre- 
ceding diastole,  and  in  the  second  case,  because  it  is  necessary,  if 
the  volume  of  blood  injected  into  the  aorta  is  to  remain  normal, 
that  the  volume  of  blood  upon  which  the  left  ventricle  contracts 
should  be  greater  than  normal  by  an  amount  equal  to  that  amount 
which  is  destined  to  return  into  the  left  auricle  by  regurgitation. 

Mitral  stenosis,  it  is  generally  asserted,  leads  to  hypertrophy 
of  the  left  auricle  by  reason  of  the  increased  work  that  is  thrown 
upon  the  walls  of  that  cavity  in  their  endeavour  to  pass  the 
blood  through  the  contracted  mitral  orifice.  In  many  cases,  no 
doubt,  the  auricular  wall  is  thicker  than  normal,  but  a  far  more 
constant  change  in  mitral  stenosis  is  a  moderate  amount  of 
hypertrophy  with  dilatation  of  the  left  ventricle.  It  is  on  this 
fact  that  those  authors  largely  rely  who  maintain  that  the 
essential  circulatory  disturbance  produced  by  mitral  stenosis  is 
regurgitation.  They  hold,  with  justice,  that  the  hypertrophy  and 
dilatation  indicate  increased  work,  and  that  it  is  difficult  to 
see  how  increased  work  can  be  thrown  upon  the  left  ventricle 
if  the  only  or  the  chief  result  of  mitral  stenosis  is  to  diminish 
the  amount  of  blood  entering  that  cavity.  If  such  were  the 
case,  the  left  ventricle  should  be  not  dilated  but  contracted,  and 
its  walls  should  be  not  hypertrophied  but  atrophied. 

Dilatation  and  hypertrophy  of  the  ventricles  have  been  dealt 
with  separately  for  the  object  of  clearness,  and  it  has  been  shown 
that,  theoretically,  dilatation  of  the  heart  must  precede  hyper- 
trophy, when  both  are  the  results  of  a  valvular  lesion.  Patho- 
logically, however,  they  accompany  one  another,  and  a  heart 
that  is  hypertrophied  is  almost  invariably  dilated.  The  converse, 
that  a  dilated  heart  is  almost  invariably  hypertrophied,  is  not 
true ;  for  if  from  any  cause  the  nutritive  condition  of  the  muscular 
tissue  is  impaired,  or  if  the  valvular  lesion  be  very  severe  or  of 
very  sudden  onset,  hypertrophy  may  fail  completely  and  dilata- 
tion alone  may  be  found.  Nor  do  hypertrophy  and  dilatation 
run  hand  in  hand.  In  a  favourable  case,  at  first  hypertrophy 
outstrips  dilatation,  but  in  all  cases  of  valvular  lesion,  however 
favourable  at  first,  if  the  disease  proceeds  to  its  natural  termination, 
hypertrophy  fails  more  and  more  to  keep  pace  with  dilatation  as 
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time  goes  on,  and  at  last  dilatation  goes  to  the  front  and  rapidly 
brings  about  death  of  the  patient. 

D.  The  effects  of  Valvular  Lesions  upon  other  Organs 
and  Tissues  of  the  Body. — If  the  overwhelming  importance 
of  the  heart  in  the  economy,  and  its  dependence  upon  integrity 
of  valves  for  the  due  performance  of  its  functions,  be  borne  in 
mind,  it  is  easy  to  understand  that  valvular  lesions  may  cause 
modifications  in  any  or  all  of  the  organs  or  tissues  of  the  body. 
These  modifications,  since  they  must  ultimately  depend  upon 
deviations  from  the  normal  blood  supply  of  those  organs  or 
tissues,  may  be  either  anatomical  or  physiological ;  as  a  rule, 
however,  both  structure  and  function  are  affected.  But  the  re- 
markable fact  is  that  in  the  majority  of  cases  a  valve  lesion  may 
exist  for  a  long  period,  frequently  for  years,  during  which  the 
body  at  large  grows,  is  nourished,  and  performs  its  functions  in 
a  perfectly  normal  manner.  It  has  been  said  above  that  in  an 
uncomplicated  case  dilatation  is  the  ultimate  cause  of  the  patient's 
death,  and  that  hypertrophy  is  the  natural  cure  for  that  dilata- 
tion. It  is  this  hypertrophy  which  protects  the  rest  of  the  body 
from  the  evils  which  otherwise  would  have  accrued  to  it  as  the 
result  of  the  valve  lesion,  and  if  the  amount  of  hypertrophy  be 
sufficient  to  fully  protect  the  body  from  those  evils,  it  may 
rightly  be  said  to  "  fully  compensate  "  for  the  valve  lesion.  The 
occurrence  of  complete  compensatory  hypertrophy,  however,  is 
dependent  upon  so  many  factors,  any  one  of  which  may  be  in- 
adequate, that  complete  compensation,  in  the  sense  that  the  patient 
is  capable  of  living  and  acting  as  a  normal  healthy  person,  is 
rare.  Cases  have  been  known  in  which  the  compensation  has 
been  so  complete  that  exertions,  even  so  fatiguing  as  those  of 
military  marching  during  the  course  of  a  campaign,  have  been 
undergone  without  more  than  ordinary  discomfort ;  neverthe- 
less, it  is  more  common  to  find  that  reserve  force  of  the  heart, 
though  present,  is  not  so  great  as  it  is  in  the  normal  subject ;  the 
patient,  for  example,  can  walk,  but  he  cannot  run  without  distress. 

The  amount  of  reserve  power  which  is  held  by  a  heart  that  is 
the  seat  of  compensatory  hypertrophy  is  very  variable.  In  one 
patient  the  reserve  force  may  be  equal  to  that  of  a  normal 
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healthy  person,  in  another  it  may  be  sufficient  to  allow  him  to 
walk  but  not  to  run,  in  a  third  the  patient  may  be  able  to  walk 
on  the  flat  but  becomes  breathless  on  attempting  to  mount  the 
slightest  incline,  a  fourth  may  be  in  comfort  when  driving,  but 
cannot  walk  more  than  a  few  steps,  while  yet  a  fifth  may  experi- 
ence distress  at  all  times  excepting  those  during  which  he  is  at 
rest  in  bed.  In  the  last  case,  though  equal  to  the  maintenance 
of  a  bare  circulation,  the  heart  is  unequal  to  the  performance 
of  even  the  minor  exertions  of  life.  Further,  not  only  is  the 
amount  of  reserve  force  that  resides  in  a  hypertrophied  heart  an 
uncertain  quantity,  but  also  such  reserve  force  as  is  actually 
present  is  unstable.  In  the  first  place,  for  some  reason  that  is 
at  present  uncertain,  but  is  probably  at  bottom  nervous,  hyper- 
trophied muscle  is  very  liable  to  undergo  degenerative  changes ; 
perhaps  even,  more  prone  to  them  than  normal  muscle.1  In  the 
second  place,  since  the  amount  of  reserve  force  available  is  less 
than  normal,  a  greater  proportion  of  those  accidents  of  life  which 
befall  the  normal  heart — slight  ailments  (especially  those  accom- 
panied by  fever),  excitement,  pain,  fear,  etc. — and  which  the 
normal  heart  bears  without  harm,  are  directly  injurious  to  the 
hypertrophied  heart.  And,  in  the  third  place,  the  valve  lesion 
which  is  calling  for  compensatory  hypertrophy  is,  in  the  vast 
majority  of  cases,  a  gradually  progressive  one  :  the  fibrous  tissue 
which  surrounds  a  "  button-hole "  mitral  orifice  contracts  yet 
more  as  time  goes  on ;  an  aortic  orifice,  which  permits  regurgita- 
tion, contracts,  and  adds  obstruction  to  regurgitation,  or,  in  other 
cases,  dilates  yet  more,  and  allows  increased  regurgitation. 
Whatever  be  the  lesion,  the  ratio  between  it  and  the  hypertrophy 
cannot  remain  a  constant  one,  earlier  or  later  hypertrophy  must 
fail.  The  immediate  result  of  that  failure  depends  upon  the 
valve  that  is  affected. 

Owing  to  the  fact  that  the  heart  is  provided  with  four  valves 
and  two  muscular  cavities  (the  auricles  in  this  connection  may 

1  The  best  examples  of  degenerative  changes  following  on  hypertrophy  are 
found  in  cases  where  a  certain  group  of  muscles  has  become  hypertrophied  owing 
to  its  particular  use  in  the  patient's  vocation  ;  of  this  kind  are  ' '  hammerman's 
palsy,"  and  allied  conditions. 
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be  ignored),  ventricular  failure  is  not  of  necessity  synonymous 
with  cardiac  failure.  For  though,  to  take  an  example,  the  aortic 
semilunar  valves  may  be  diseased  in  such  a  way  as  to  lead  to 
dilatation  and  hypertrophy  of  the  left  ventricle,  events  occurring 
in  this  cavity  during  systole  are  shut  off  from  the  left  auricle, 
lungs,  right  side  of  the  heart,  and  systemic  venous  system  by  the 
competency  of  the  mitral  valve.  But  when  failure  of  the  left 
ventricle  sets  in  and  dilatation  gains  the  upper  hand,  the  left 
auriculo-ventricular  fibrous  ring  shares  in  the  dilatation  and 
separates  the  bases  of  the  mitral  flaps,  and  the  musculi  papillares 
carried  with  the  ventricular  wall  are  set  further  apart  than 
normal.  Under  these  conditions,  strict  closure  of  the  mitral 
valve  during  systole  is  impossible,  and  mitral  regurgitation  takes 
place.  The  lungs  now  share  in  the  trouble,  and  dyspnoea,  oedema 
of  the  lungs,  bronchitis  may  occur.  The  right  side  of  the  heart, 
however,  is  still  protected  by  the  pulmonary  semilunar  valves, 
though  they  give  evidence  of  the  stress  that  is  upon  them  by 
accentuation  of  the  sound  they  yield  in  their  closure.  But  the 
increased  tension  throughout  the  pulmonary  circulation  consti- 
tutes an  obstruction  to  the  opening  of  the  pulmonary  semilunar 
valves,  which,  in  the  manner  that  has  already  been  described  in 
detail,  leads  to  dilatation  and  hypertrophy  of  the  right  ventricle, 
and  transmits  the  stress  caused  by  the  aortic  lesion  back  to  the 
tricuspid  valve.  So  long  as  the  tricuspid  valve  is  competent, 
though  heart  and  lungs  suffer^  the  hody  at  large  is  safe.  But 
once  dilatation  of  the  right  ventricle  has  gone  so  far  as  to  permit 
tricuspid  regurgitation,  "  cardiac  failure,"  with  its  train  of  symp- 
toms, sets  in,  and  every  organ  and  tissue  of  the  body  is  called 
upon  to  bear  the  brunt  of  the  aortic  lesion.  Now,  the  pressure 
in  the  systemic  veins  is  increased,  as  was  at  an  earlier  period 
the  pressure  in  the  pulmonary  veins,  and  the  effects  of  chronic 
venous  congestion  show  themselves ;  the  liver  becomes  altered 
and  the  exercise  of  its  functions  impaired,  the  kidneys  are  ana- 
tomically changed  and  no  longer  secrete  normal  urine,  the 
alimentary  tract  is  disorganised  and  dyspepsia  results,  the  skin, 
subcutaneous  tissue  and  muscles  become  cedematous  and  lose 
their  normal  elasticity,  fluid  collects  in  the  serous  cavities  and 
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there  produces  its  own  particular  pressure  symptoms,  the  func- 
tions of  the  brain  become  disordered,  and  delirium,  insomnia, 
hallucinations  or  other  troubles  result.  Such  is  the  picture  of 
the  latter  end  of  valvular  disease  if  it  goes  on  to  its  natural 
termination  :  the  tricuspid  valve  holds  the  key  of  the  situation, 
but  only  so  long  as  the  right  ventricle  allows.1 

III.  The  Pathology  of  the  Myocardium,  excluding 
changes  due  to  valve  lesions. — We  have  already  described 
how  the  heart  muscle  may  become  thinned  by  dilatation  or  thick- 
ened by  hypertrophy  as  the  result  of  valve  lesion,  but  disease  of 
the  valves  of  the  heart  is  not  the  only  method  whereby  secondary 
myocardial  changes  such  as  those  hitherto  dealt  with  may  be 
brought  about.  They  are  also  induced  by  morbid  changes  in  other 
parts  of  the  body.  Most  important  of  these  are  conditions  which 
oppose  obstacles  to  the  opening  of  the  pulmonary  or  aortic  semi- 
lunar valves  by  raising  the  blood  pressure  in  the  pulmonary  or 
systemic  circulation.  Hence  it  is  found  that  changes  in  the 
right  side  of  the  heart  are  caused  by  various  diseases  of  the  lungs, 
changes  in  the  left  side  of  the  heart  are  caused  by  various  morbid 
conditions  of  the  systemic  arteries.  The  latter  we  shall  not 
discuss  here,  for  they  fall  more  naturally  under  the  pathology  of 
the  blood-vessels,  but  concerning  the  former  a  word  may  be  said. 

So  far  as  the  lungs  are  concerned  any  morbid  condition  which 
impedes  the  circulation  through  them  leads  to  changes  in  the 
right  ventricle.  For  reasons  that  have  been  given  that  change 
is  most  commonly  in  the  way  of  dilatation.  Chief  among  the 
conditions  is  the  morbid  change  known  as  "  emphysema,"  in 
which  the  walls  of  the  alveoli  are  stretched  and  their  elasticity 
is  lost.  Since  the  pulmonary  capillaries  run  in  these  alveolar 
walls  it  follows  that  they  too  are  stretched  and,  therefore,  that 
their  lumen  is  narrowed.    Now,  the  viscosity  of  a  fluid  being 

1  We  are  not  concerned  here  with  therapeutics,  otherwise  it  might  be  shown 
how  the  whole  aim  of  treatment  in  heart  disease  is  directed  towards  averting  the 
onset  of  cardiac  failure  and  favouring  hypertrophy.  The  two  principles  which 
guide  the  physician  are  (1)  diminution  of  the  amount  of  work  demanded  from 
the  heart,  (2)  improvement  of  the  nutritive  condition  of  the  heart  muscle. 
Measures  which  do  not  conform  to  either  of  these  two  principles  are  valueless,  if 
not  directly  harmful. 
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constant,  the  resistance  which  that  viscosity  presents  to  the 
onward  flow  of  the  fluid  through  a  tube,  varies  inversely  as  the 
square  of  the  diameter  of  the  tube  through  which  the  fluid  is 
passing.  Hence  the  work  that  is  thrown  upon  the  right  ventricle 
in  forcing  the  blood  through  the  narrowed  and  elongated  capil- 
laries is  enormously  increased  and  dilatation  ensues :  in  time  this 
leads  to  tricuspid  regurgitation  and  cardiac  failure.  But  emphy- 
sema, though  perhaps  it  may  at  times  be  a  primary  disease,  never- 
theless is  in  the  vast  majority  of  cases  secondary  to  either 
chronic  bronchitis  or  asthma;  hence  chronic  bronchitis  and 
asthma  with  emphysema  may  be  regarded  as  the  chief  pulmonary 
causes  of  dilatation  and  hypertrophy  of  the  right  ventricle. 

It  might  be  expected  that  cardiac  changes  would  be  brought 
about  when,  e.g.,  a  new  growth,  or  acute  croupous  pneumonia,  or 
tubercular  infiltration,  or  pleural  effusion  leading  to  compres- 
sion has  obliterated  the  larger  number  of  pulmonary  capilla- 
ries, or  at  all  events  has  greatly  impeded  the  flow  of  blood  through 
them,  and  to  some  extent  this  is  the  case.  But  there  is  a 
marked  difference  between  a  process  which  affects  practically  all 
the  pulmonary  circulation,  such  as  the  emphysema  induced  by 
long-standing  chronic  bronchitis  or  spasmodic  asthma,  and  a 
process  that  affects  a  portion  only  of  the  pulmonary  vessels, 
though  in  the  latter  case  the  individual  vessels  may  be  far  more 
seriously  involved.  This  is  well  shown  by  an  experiment  made 
by  Lichtheim  twenty  years  ago.  He  found  that,  by  ligature  of 
branches  of  the  pulmonary  artery,  the  united  sectional  area  of 
permeable  vessels  may  be  reduced  to  nearly  one-fourth  of  its 
normal  dimensions,  and  yet  the  increase  of  pressure  in  the  pul- 
monary artery  is  but  trifling  (6  mm.  Hg.).  The  blood  which 
normally  passed  through  the  two  lungs  now  passes  through  only 
a  small  portion  of  one  of  them,  but  dilatation  of  the  still  pervious 
vessels  and  acceleration  of  the  blood  flow  suffices  to  prevent  any 
serious  results.  It  is  this  fact  which  explains  the  general  absence 
of  dilatation  and  hypertrophy  of  the  right  ventricle  in  such 
diseases  as  we  have  mentioned  above.  To  a  certain  extent  they 
must  and  do  occur,  but  only  when  the  amount  of  lung  involved 
is  very  considerable,  while  it  is  only  in  the  rarest  instances  that 
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they  lead  to  subsequent  tricuspid  regurgitation  and  cardiac 
failure. 

In  emphysema  the  lung  condition  is  chronic,  and  hence  there 
is  time  for  the  occurrence  of  hypertrophy  of  the  right  ventricle, 
but  in  some  morbid  conditions  of  the  lungs  the  onset  is  so  sudden 
and  severe  that  acute  dilatation  of  the  right  ventricle  without 
hypertrophy  is  the  result. 

Such  a  result  occurs  in  asphyxia,  whether  it  be  produced  by 
direct  laryngeal  or  tracheal  obstruction  or  depend  upon  inter- 
ference with  entry  of  air  to  the  air-sacs  lower  down.  Apart 
from  such  causes  as  strangulation  and  impaction  of  foreign 
bodies  in  the  glottis,  the  heart  affection  may  be  induced  by 
oedema  of  the  glottis,  by  diphtheria,  in  which  the  larynx  is  often 
entirely  or  almost  entirely  closed  by  the  so-called  false  membrane, 
by  acute  bronchiolitis,  in  which  the  bloody  exudation  and  thin 
mucus  poured  out  in  the  bronchioles  is  churned  with  air  by  the 
respiratory  movements  into  a  pink  tenacious  foam  that  prevents 
the  entrance  of  air  into  the  air-sacs,  in  drowning  or  in  other 
conditions  in  which  liquid  is  inspired  into  the  lungs,  and  so  on. 

Though  cardiac  failure  occurs  in  these  acute  asphyxial  cases  as 
it  does  in  chronic  pulmonary  and  in  valvular  diseases,  the  rationale 
of  its  production  is  different.  In  asphyxia  the  aortic  blood  pressure 
rises  considerably,  but  though  this  rise  of  pressure  acting  back- 
wards through  the  lungs  must  assist  in  producing  the  final  result, 
it  is  more  probable  that  the  true  reason  of  acute  cardiac  dilata- 
tion in  asphyxia  is  to  be  sought  in  the  venosity  of  the  blood  and  in 
the  descent  of  nervous  impulses  from  the  bulb  to  the  heart.  For 
when  the  bulb  is  supplied  with  blood  containing  more  than  a 
minimal  amount  of  carbonic  dioxide,  certain  of  the  nerve  centres 
situated  in  the  bulb  are  stimulated,  and  amongst  them  the  vagus 
centre.  The  heart  thereby  becomes  slowed,  and  the  output  of 
both  ventricles  is  diminished.  The  pressure  in  the  systemic 
veins  rises,  and  that  rise  is  greatly  aided  by  the  excessive  muscular 
exertions  involved  in  the  forced  respiration  which  the  asphyxia 
also  induces ;  occasionally  the  rise  of  venous  pressure  thus  pro- 
duced is  sufficient  to  lead  to  increased  output  from  the  right 
ventricle  in  spite  of  the  vagus  inhibition.    At  the  same  time, 
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accelerator  impulses  are  constantly  reaching  the  heart  and 
tending  to  produce  more  rapid  contraction.  Hence  four 
forces  are  acting  upon  the  right  heart:  (1)  upon  the  ven- 
tricular wall  are  acting  (indirectly)  accelerator  impulses  which 
call  for  contraction  of  the  ventricle  at  whatever  cost,  on  behalf 
of  the  body  generally,  and  besides  them  (2)  inhibitory  im- 
pulses which,  though  protecting  the  heart,  nevertheless  at  the 
same  time  lead  to  diastolic  dilatation  of  the  ventricle;  (3) 
behind  is  an  enormously  increased  venous  pressure ;  and  (4)  in 
front  is  an  impediment  in  the  shape  of  increased  aortic  pressure. 
But  from  the  nature  of  the  case  the  initial  difficulty,  i.e.,  the 
deficient  aeration  of  the  blood,  not  only  continues  but  becomes 
rapidly  more  urgent,  and  ultimately  the  cardio-inhibitory  centre 
itself  becomes  asphyxiated  and  ceases  to  act,  and  the  heart,  left 
in  a  dilated  condition  and  having  itself  been  supplied  during  the 
crisis  with  venous  blood,  is  given  over  to  the  unrestrained  action 
of  the  three  remaining  forces.  Unrestrained  by  vagus  action,  and 
perhaps  directly  urged  by  the  accelerators,  overfilled  during 
diastole,  it  contracts  rapidly  but  feebly,  until  at  last  the  dilatation 
is  such  and  the  exhaustion  of  the  ventricle  is  such  that  it  can 
no  longer  cope  with  its  contents.  Even  then  the  whole  reserve 
power  of  the  ventricle  is,  as  a  rule,  not  used  up,  for  if  an  incision 
be  made  into  the  arrested  right  ventricle  of  a  dog  that  has 
been  asphyxiated,  there  will  be  a  short  return  of  systolic  contrac- 
tion when  a  portion  of  the  imprisoned  blood  has  escaped  through 
the  artificial  opening. 

We  may  conclude,  therefore,  that  diseases  of  the  lungs  produce 
cardiac  dilatation  in  two  ways :  (1)  by  way  of  emphysema  they 
offer  a  resistance  to  opening  of  the  pulmonary  semilunar 
valves,  and  thereby  increase  the  work  of  the  right  ventricle, 
and  since  this  is  generally  more  or  less  chronic,  hypertrophy 
occurs  along  with  dilatation ;  (2)  by  way  of  asphyxia  they  produce 
(a)  hyper-distension  of  the  right  ventricle  from  reflex  vagus  action 
and  from  increased  pressure  in  the  systemic  veins,  and  (b)  impair- 
ment of  muscular  nutrition  of  the  right  ventricle  from  venosity 
of  the  blood  which  supplies  the  muscular  tissue,  from  exhaustion 
that  occurs  when  vagus  action  no  longer  restrains  the  rate  of 
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contraction,  and  probably  also  from  endeavours  to  answer  the 
incessant  calls  that  reach  the  right  ventricle  through  the  acceler- 
ator nerves. 

So  far  the  conditions  of  the  myocardium  we  have  considered 
have  been  included  under  hypertrophy  and  dilatation  with 
atrophy,  but  the  heart  muscle  may  also  be  affected  by  all  other 
changes  to  which  muscular  tissue  elsewhere  is  liable.  It  may 
undergo  inflammation  (myocarditis),  indeed  in  all  cases  of  peri- 
carditis and  endocarditis  a  greater  or  less  amount  of  myocar- 
ditis is  present ;  it  may  undergo  degenerations,  of  which  cloudy 
swelling  and  fatty  degeneration  are  the  most  common  and  im- 
portant, though  other  forms  of  degeneration  are  also  known; 
it  may  be  the  seat  of  fibroid  change  or  of  various  kinds  of 
new  growth  or  parasite ;  it  may  be  called  upon  to  work  when 
the  bodily  temperature  is  raised.  Under  all  of  these  conditions 
the  muscular  efficiency  is  modified  and  in  one  direction :  it  is 
rendered  less  capable  of  performing  its  function.  An  inequality 
between  work  demanded  and  power  to  do  work  is  therefore  set 
up  under  these  conditions  as  it  is  set  up  when  a  valve  lesion  is 
produced.  But  the  difference  between  the  two  cases  is  that 
whereas  conservative  changes  in  the  myocardium  may  compensate 
for  a  valve  lesion,  an  affection  of  the  myocardium  itself  ipso 
facto  deprives  the  heart  of  its  last  means  of  defence.  In  this 
lies  the  great  danger  of  organic  disease  of  the  heart  muscle.  In 
many  cases,  particularly  in  those  that  are  acute,  it  is  not  only  the 
heart  muscle  which  suffers,  but  also  the  other  constituents  of  the 
heart  wall,  fibrous  tissue,  blood-vessels,  and  even  nervous  elements. 

The  natural  termination  of  diseases  of  the  myocardium  is  by 
way  of  heart  failure,  which  is  common,  or  by  way  of  rupture  of 
the  ventricle,  which  is  rare.  If  the  condition  end  by  heart  failure 
all  the  symptoms  of  that  condition,  cardiac  as  well  as  general, 
show  themselves  even  to  the  presence  of  mitral  and  tricuspid 
murmurs.  The  sounds  of  the  heart,  even  before  definite  cardiac 
failure  sets  in,  are  "  slapping  "  or  feeble,  and  the  heart  endeavours 
by  rapidity  of  action  to  make  up  for  its  want  of  force.  As  might 
be  expected,  a  murmur  if  present  is  soft,  sometimes  almost 
inaudible,  or  it  may  not  amount  to  more  than  an  "  impurity  "  of 
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the  first  sound.  Cardiac  impulse  may  be  imperceptible  or,  if 
perceptible,  is  of  very  short  duration.  In  every  way  the  heart 
gives  evidence  of  inability  for  sustained  contraction.  Moreover, 
the  very  endeavour  to  do  its  work,  of  a  heart  whose  muscle  is 
diseased,  is  accompanied  by  a  greater  expenditure  of  energy  than 
would  be  the  case  if  the  same  amount  of  work  were  done  by  a 
healthy  heart:  the  diseased  heart  works  not  only  badly,  but 
also  wastefully,  and  hence  mere  action  further  aggravates  the 
tendency  to  cardiac  failure. 

If  the  condition  end  by  rupture,  this  usually  takes  place  in  the 
left  ventricle  as  being  the  one  exposed  to  the  greatest  stress,  and 
at  or  near  the  apex  as  being  the  thinnest  and  least  supported  part 
of  that  ventricle  ;  it  is  brought  about  by  the  attempt  of  the  heart 
to  meet  a  sudden  demand  which  is  excessive  for  it  in  its  en- 
feebled condition.  Eupture  leads,  of  course,  to  rapid  death,  and,  as 
has  already  been  said,  this  is  not,  as  might  at  first  sight  be  imagined, 
from  haemorrhage,  for  only  150-200  c.c.  of  blood  is  effused,  but 
from  the  sudden  increase  in  intra-pericardial  pressure  that  is 
brought  about  by  the  accumulation  of  blood.  A  heart  in  which 
rupture  occurs  is  usually  the  seat  of  either  fatty  or  fibroid  change. 

It  is  obvious  that  disorders  of  the  myocardium  ultimately 
depend  upon  a  disturbance  between  the  relations  of  the  heart 
muscle  and  the  blood.  In  the  case  of  chronic  cardiac  disease, 
changes  in  the  blood  can  only  be  surmised ;  but  in  anaemia,  and 
especially  in  that  form  which  is  known  as  pernicious  anaemia, 
both  of  which  blood  conditions  lead  to  fatty  degeneration  of  the 
myocardium,  the  modification  of  the  blood  is  manifest. 

The  effects  of  blood-changes  upon  heart  action  has  been  investi- 
gated by  several  authors.  Einger  found  that  without  the  presence 
of  a  lime  salt  in  the  circulating  fluid  contractility  of  the  isolated 
frog's  ventricle  cannot  be  supported,  that  lime  salts  greatly  delay 
diastolic  dilatation,  and  that  this  effect  of  lime  may  be  neutralised 
by  salts  of  potassium.  He  found  also  that  production  of  acid, 
particularly  that  which  is  formed  in  the  course  of  and  as  the 
result  of  muscular  contraction,  is  also  inimical  to  cardiac  con- 
traction, but  that  the  action  of  the  acid  may  be  obviated  by 
washing  the  heart  with  a  weak  solution  of  sodium  bicarbonate, 
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which  acts  not  by  virtue  of  its  elementary  composition,  but  by 
virtue  of  its  alkalinity.  A.  H.  White  carried  the  matter  some- 
what further,  for  he  found  that  in  the  absence  of  certain  salts, 
the  most  important  of  which  are  sodium  carbonate,  calcium 
chloride,  and  potassium  chloride,  the  nutrient  medium  which  is 
necessary  for  sustaining  the  frog's  heart  outside  the  body  cannot 
be  utilised.  In  any  case,  he  finds  that  a  heart  cannot  contract  at 
the  expense  of  its  own  substance. 

In  acute  febrile  diseases  the  heart  invariably  suffers ;  in  some 
cases  the  mere  rise  of  temperature  seems  to  act  alone,  but  in  the 
majority,  e.g.,  diphtheria  and  septic  diseases,  the  injurious  substance 
is  apparently  a  bacterial  toxin  which  is  circulating  in  the  blood. 
Eoger  isolated  from  cultures  of  B.  septicus  putidus  a  toxin  which,  in 
the  frog,  slows  the  heart,  increases  the  length  of  systole,  and  finally 
causes  standstill  in  diastole  like  muscarin ;  while  poisoned,  the 
heart  cannot  be  stopped  by  excitation  of  the  vagus,  nor  does  it 
react  to  direct  faradic  stimulation  of  the  heart  muscle.  In  diph- 
theria, Samschin  found  that  the  heart  muscle  undergoes  fatty  and 
hyaline  degeneration,  patches  of  which  are  localised  especially  in 
the  neighbourhood  of  the  blood-vessels ;  in  acute  cases  the  intima 
and  media  of  the  small  arteries  are  seen  to  be  fatty ;  he  found 
no  changes  in  the  nervous  elements.  Scagliosi,  on  the  other 
hand,  while  agreeing  with  Samschin  so  far  as  concerns  the  par- 
enchymatous and  the  vascular  changes,  observed  marked  degen- 
erative changes  in  the  nerve  cells  in  addition.  In  acute  endo- 
carditis generally  Kusnezow  found  that  the  cardiac  ganglia  are  in 
a  condition  of  inflammatory  granulation,  that  proliferation  of  the 
capsular  endothelial  cells  occurs,  and  that  the  ganglion  cells 
themselves  are  disorganised,  being  the  seats  of  cloudy  swelling 
and  of  fatty  and  pigmentary  degenerations.  Evidence  is  therefore 
not  wanting  that  the  condition  of  the  myocardium  is  dependent 
upon  the  composition  of  the  blood. 

But  the  nutrition  of  the  heart  muscle  not  only  suffers  from 
modifications  in  the  quality  of  the  blood  which  it  receives,  it  may 
also  be  affected  by  modifications  in  the  quantity.  In  this  con- 
nection must  be  considered  pathological  changes  of  the  coronary 
arteries  and  angina  pectoris. 

F 
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Angina  Pectoris. — It  is  an  accepted  fact  that  angina  pectoris  is 
very  frequently  associated  with  atheromatous  degeneration  of  the 
coronary  arteries  or  of  the  aorta  immediately  about  the  orifices 
of  these  arteries.    Now  such  a  condition  is  an  obstruction  to  the 
supply  of  a  due  amount  of  blood  to  the  myocardium,  and  since,  in 
cases  of  angina  pectoris,  the  heart  after  death  is  found  fatty,  flabby, 
dilated  and  in  diastole,  there  is  reason  to  believe  that  the  disease 
depends  upon  a  mal-nutrition,  such  as  the  atheromatous  condition 
of  the  arteries  could  produce.    Angina  pectoris  is  a  disease, 
which,  in  addition  to  causing  paroxysms  of  extreme  agony  in  the 
precordial  regions,  is  not  infrequently  a  cause  of  sudden  death. 
The  following  case  related  by  (Estreich  is  very  instructive.  An 
officer,  aged  32,  apparently  in  perfect  health,  died  suddenly  after 
coitus,  and  at  the  autopsy  the  following  condition  was  found. 
The  heart  was  as  large  as  the  clenched  fist,  flabby,  and  both 
ventricles  were  filled  with  fluid  blood  and  in  diastole.    The  heart 
muscle  was  greyish-red,  friable,  and  microscopically  showed  frag- 
mentation.1   Immediately  above  the  right  aortic  valve  a  throm- 
bus, with  a  thin  pedicle  and  about  the  size  of  a  cherry-stone,  pro- 
jected from  the  wall  of  the  aorta.    The  pedicle  and  that  portion 
of  the  thrombus  which  lay  upwards  and  towards  the  right  con- 
sisted of  yellowish-grey  and  dryish  substance ;  below  and  towards 
the  left  it  was  dark  red  and  more  liquid.    The  thrombus  was 
slightly  movable  upon  its  pedicle,  pendulous,  and  on  opening  the 
heart  was  found  in  such  a  position  as  to  completely  cover  the 
orifice  of  the  right  coronary  artery.    This  artery  in  its  course 
was  partially  filled  with  fluid  blood,  the  walls  were  soft,  in  a  few 
places  were  yellowish  spots,  but  no  calcification  was  present.  At 
the  commencement  of  the  left  coronary  artery  was  a  yellowish- 
grey  embolus  about  1  cm.  in  length,  the  composition  of  which  was 
the  same  as  that  of  the  upper  portion  of  the  thrombus  already 
described.    The  left  coronary  artery  presented  the  same  appear- 
ances as  the  right.    Immediately  above  the  left  aortic  valve  the 
intima  of  the  aorta  was  yellowish,  thickened,  and  showed  several 
quite  small  atheromatous  ulcers  ;  the  remainder  of  the  aorta  was 

1  The  pathological  significance  of  fragmentation  is  at  present  uncertain ,  the 
subject  will  be  considered  further  in  chapter  xv. 
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healthy  except  for  localised  patches  of  fatty  change  in  the  intima. 
The  other  organs  were  healthy.  In  correspondence  with  the 
clinical  data  the  pathological  evidence  gave  the  following  ex- 
planation of  the  case.  There  was  a  commencing  atheroma  of  the 
aorta  in  an  apparently  healthy  man.  A  polypoid  thrombus  had 
formed  on  one  of  the  very  small  atheromatous  ulcers,  and  this 
obliterated  the  right  coronary  artery  :  a  portion  broken  off  from 
this  thrombus  during  exertion  obliterated  the  left  coronary  artery. 
Death  was  rapid  but  not  instantaneous.  In  this  case  the  lesion 
was  slight  but  sufficient ;  in  others,  amongst  which  the  classical 
case  of  John  Hunter  may  be  mentioned,  the  whole  of  the  coronary 
arteries  may  be  converted  into  rigid  calcareous  tubes. 

Now  it  is  comparatively  easy  to  test  the  effect  of  sudden  obstruc- 
tion of  a  coronary  artery  upon  the  heart's  action  by  ligaturing 
one  or  more  of  the  branches  of  those  arteries  in  the  lower 
animals.  This  experiment  has  been  performed  many  times  since 
v.  Bezold  found  that  on  compressing  the  left  coronary  artery  in 
the  rabbit  the  heart  of  the  animal  quickly  ceases  to  beat.  In 
the  dog,  Cohnheim  and  Schulthess-Eechberg  observed  that  liga- 
ture of  any  large  branch  of  either  right  or  left  coronary  artery 
"  has  at  first  no  effect  whatever  upon  the  rhythm  or  vigour  of 
cardiac  contraction  nor  consequently  upon  the  blood-pressure 
but  after  the  lapse  of  ninety  seconds  on  an  average  the  heart 
beats  begin  to  be  somewhat  irregular  and  infrequent,  yet  still 
without  affecting  the  blood-pressure,  till  suddenly  and  at  the 
same  instant  both  chambers  stop  in  diastole.  From  this  stand- 
still, which  occurs  on  an  average  not  later  than  two  minutes 
after  occlusion  of  the  branch  artery,  there  are  no  means  of 
arousing  the  ventricles  to  new  life  and  renewed  contraction ;  it 
seems  as  if  a  deadly  poison  had  for  ever  destroyed  the  heart's 
excitability.  Accordingly  it  is  in  all  probability  the  system 
of  ganglia  which  is  affected  in  this  direct  fashion.  .  .  .  Yet  I 
am  unable  to  conceive  how  with  a  marked  independence  of  the 
muscles  of  the  left  and  right  ventricles1  the  one  from  the  other 
(of  which  I  shall  produce  numerous  proofs  further  on),  a  limited 
arterial  ischsemia  could  in  such  deadly  manner  paralyse  irrestor- 

1  See  below,  pp.  90  and  91. 
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ably  the  whole  cardiac  musculature.  For  I  repeat,  the  closure  of 
one  or  both  coronary  arteries  is  not  necessary ;  any  one  branch 
of  a  certain  size,  no  matter  which,  is  sufficient."1 

Though  certain  minor  differences  obtain  between  the  results  of 
different  investigators,  and  though  v.  Frey  maintains  that  stoppage 
of  the  heart  is  not  a  necessary  result  of  closure  of  a  large  branch  of 
the  coronary  arteries  and  that  similar  results  may  be  brought  about 
by  numerous  other  interferences  with  the  heart,  so  that  stoppage 
of  the  heart,  when  it  occurs  in  the  experiment  under  discus- 
sion, is  probably  also  dependent  upon  secondary  injuries,  yet 
Michaelis  (1894)  and  Townsend  Porter  (1894),  on  a  careful 
repetition  of  Cohnheim  and  Eechberg's  work,  fully  corroborate 
their  statements. 

Comparing  (Estreich's  case  with  the  results  of  experimental 
obstruction  the  correspondence  is  seen  to  be  almost  complete, 
though  a  difference  exists  in  the  fact  that  pathological  evidence  in 
the  former  case  seems  to  point  to  the  possibility  of  the  existence 
of  complete  obstruction  of  the  right  coronary  artery  for  some 
time  without  fatal  results.  Whether  the  thrombus  over  the 
right  artery,  however,  which  evidently  from  its  composition  had 
existed  for  perhaps  days,  caused  complete  obstruction,  it  is 
difficult  to  say;  it  seems  more  probable  that  a  certain  though 
diminished  volume  of  blood  reached  the  myocardium  by  this 
vessel,  and  that,  though  the  obstruction  was  not  sufficient  to 
cause  sudden  death  as  in  experimental  obstruction,  it  was 
nevertheless  sufficiently  severe  to  bring  about  the  myocardial 
degeneration  which  was  found  at  the  autopsy.  In  any  case  the 
general  correspondence  is  so  close  that  we  are  probably  correct 
in  looking  upon  angina  pectoris  as  being  dependent  both  so  far 
as  concerns  the  myocardial  changes  and  as  concerns  the  occurrence 
of  sudden  death  upon  obstruction  to  the  flow  of  blood  through 
the  coronary  arteries.  An  explanation  of  the  most  prominent 
symptom  and  the  one  from  which  the  disease  derives  its  name, 
i.e.,  the  torturing  precordial  pain,  is  more  difficult,  but  if  we  bear 
in  mind  that  the  heart  during  a  paroxysm  is  dilated  and  distended 
with  blood,  that  according  to  Smirnow  there  is  immediately 

1  Cohnheim's  Lectures  on  General  Pathology,  English  translation,  vol.  i.  p.  35. 
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beneath  the  endocardium  a  rich  network  of  afferent  nerves,  and 
that  rapid  hyper-distension  of  muscular  organs  with  fluid  contents 
is  known  in  other  cases  (e.g.,  urinary  bladder)  to  produce  extreme 
pain,  we  may  provisionally  conclude  that  anginal  pain  is  due  to 
stretching  of  afferent  nerve-fibrils.  With  regard  to  the  ultimate 
cause  of  sudden  death  in  angina  pectoris  we  can  go  no  further 
than  the  hypothesis  which  Cohnheim  put  forward  to  explain  the 
ventricular  arrest  in  his  experiment. 

IV.  The  Pathology  of  Congenital  Malformation  of  the 
Heart. — Owing  to  the  fact  that  experimental  teratology  is  yet 
in  its  infancy  we  are  at  present  completely  ignorant  of  the  causes 
which  lead  to  imperfect  development  of  the  heart,  but  the  clinical 
symptoms  produced  in  congenital  heart  malformation  are  in  so 
many  respects  dissimilar  from  those  of  acquired  heart  disease 
(whether  primarily  valvular  or  primarily  myocardial),  that  it  has 
been  thought  advisable  to  deal  with  them  briefly  in  a  separate 
section. 

Congenital  malformations  may  be  divided  into  two  great 
classes  according  as  they  are  or  are  not  compatible  with  extra- 
uterine life.  The  latter  are  of  embryological  interest,  but  do 
not  concern  us  here.  Amongst  the  former  are  found  conditions 
varying  in  degree  of  development  from  that  described  by  Wilson 
where  the  auricle  and  ventricle  were  undivided,  and  there  was 
a  single  artery  which  gave  off  a  vessel  sending  branches  to 
the  lungs  and  branches  to  the  head  and  upper  extremities,  and 
where  the  child  lived  for  seven  days,  to  conditions  in  which  an 
amount  of  stenosis  obtains  at  the  orifice  of  the  pulmonary  artery 
that  is  so  slight  as  in  nowise  to  interfere  with  the  comfort  or 
longevity  of  the  patient.  But  the  persons  who  are  regarded  as 
being  the  subjects  of  congenital  heart  disease,  and  who,  many  of 
them,  live  to  early  adult  life,  present  lesions  which  lie  between 
these  two  extremes.  It  may  be  that  the  foramen  ovale  is  not 
closed,  that  the  inter-ventricular  septum  is  in  part  deficient,  that 
the  ductus  arteriosus  is  patent,  that  some  of  the  valves  of  the 
heart  are  abnormal  (and  during  life  it  is  impossible  to  decide 
which  of  these  conditions  is  present),  but  in  any  case  the  patho- 
logical effects  of  the  condition  are  practically  identical  through- 
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out.  For  congenital  heart  disease  invariably  signifies  (a)  sluggish 
circulation,  and  (b)  deficient  aeration  of  blood. 

The  venosity  of  the  blood  gives  rise  to  a  cyanosis  which  is  pro- 
nounced according  as  the  malformation  is  considerable ;  in  some 
cases  there  is  but  a  bluish  tinge  of  the  extremities,  in  others  the 
whole  countenance  is  livid.  Owing  to  the  venous  congestion,  the 
fingers  and  toes  become  "  clubbed  "  and  the  nails  curved,  appear- 
ances that  are  very  characteristic  of  this  form  of  heart  lesion. 
The  sluggishness  of  the  circulation  combined  with  the  venosity  of 
blood  which  it  exaggerates,  accounts  for  the  chilblains,  ulcerations, 
etc.,  that  occur.  Dyspnoea  on  exertion  is  easily  explained  by  the 
natural  venosity  of  the  blood,  and  the  lack  of  power  on  the  part 
of  the  heart  to  force  the  blood  more  rapidly  through  the  lungs. 
For  the  same  reason,  bronchitis  and  other  similar  pulmonary 
affections  are  common.  The  most  notable  difference  from  other 
forms  of  heart  disease  is,  that  in  congenital  heart  disease  dropsy 
is  extremely  rare;1  but  in  other  respects  it  is  clear  that  the 
symptoms  differ  only  in  degree  from  those  of  acquired  heart 
disease.  Cyanosis,  the  results  of  venous  congestion,  hypothermia 
are  more  marked,  and  the  effects  of  intercurrent  disorders, 
particularly  those  of  the  lungs,  are  more  severe,  but  fundament- 
ally the  pathology  of  the  two  classes  of  lesion,  as  might  be 
expected,  is  identical. 

V.  Pathological  Variations  of  Cardiac  Rhythm.— 
Under  ordinary  circumstances  the  heart  contracts  about  seventy 
times  per  minute,  and  the  contractions — except  for  such  modifi- 
cations as  are  introduced  by  normal  respiration — are  equal  in 
duration,  and  follow  one  another  at  equal  intervals  of  time. 
Still  within  the  confines  of  physiological  action  the  rapidity  of 
heart  beat  may  increase  up  to  100  per  minute  or  more,  as  the 
result  of  mental  excitement  or  muscular  exertion,  or  may 
diminish  to  perhaps  50  per  minute  during  repose,  and  especially 
during  sleep.  But  apart  from  these  physiological  variations, 
cardiac  action  may  be  altered  more  or  less  profoundly  in  a  sense 
that  may  fairly  be  denominated  pathological.  Of  pathological 
variations  in  cardiac  rhythm  we  may  distinguish  two  kinds: 

1  To  this  point  we  shall  return  when  discussing  the  pathology  of  exudation. 
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firstly,  those  in  which  the  variation  is  associated  with  some 
recognisable  lesion  of  the  heart  or  of  some  other  part,  and 
secondly,  those  in  which  the  modification  of  rhythm  is,  so  far  as 
can  be  at  present  recognised,  the  substantive  disease.  This  latter 
class  comprises  the  so-called  "  functional "  diseases  of  the  heart,  a 
term  useful  enough  so  long  as  it  does  not  blind  us  to  the  fact 
that  the  cause  of  the  variation  in  cardiac  action  is  only  unknown, 
not  non-existent  nor  even  unknowable. 

Cardiac  rhythm  may  be  modified  in  four  ways  :  1,  the  rate  of 
beat  may  vary  ;  2,  the  strength  of  beat  may  vary  ;  3,  the  length  of 
diastole  may  vary ;  4,  the  normal  synchronous  action  of  the  two 
ventricles  may  (perhaps)  give  way  to  asynchronism.  In  many 
cases  two  or  more  of  these  variations  may  co-exist ;  thus,  in 
ordinary  febrile  states  not  only  is  the  heart's  action  more  rapid 
than  normal,  but  also  the  strength  of  the  individual  beat  is 
diminished,  and  diastole  is  shortened.  Such  a  condition  differs 
from  a  physiological  increase  of  rapidity  in  the  fact  that  in  fever 
the  strength  of  individual  beats,  as  represented  by  the  duration 
of  systolic  contraction,  is  diminished,  whereas  physiological  in- 
crease of  rapidity  is  almost,  if  not  entirely,  dependent  upon  a 
diminution  in  the  length  of  diastolic  pause. 

Tachycardia. — Increase  in  rate  of  cardiac  rhythm  is  relatively 
simple,  and  occurs  under  the  name  of  palpitation  or  tachycardia  in 
a  variety  of  diseases,  the  greater  number  of  which  are  functional. 
The  palpitation  of  dyspepsia  (to  take  a  specific  example)  we  may 
probably  regard  as  being  brought  about  in  the  following  way. 
It  is  known  that  afferent  impulses  brought  to  bear  upon  a  nerve 
centre  which  is  in  the  act  of  discharging  efferent  impulses,  inhibit 
the  action  of  that  centre.  In  dyspepsia,  afferent  impulses  passing 
from  the  stomach  by  the  gastric  branches  of  the  vagus  up  to  the 
centre  in  the  medulla  oblongata,  find  the  cardio-inhibitory  por- 
tion of  that  centre  in  the  act  of  discharging  tonic  efferent 
impulses  to  the  heart ;  the  discharge  of  these  efferent  impulses 
is  therefore  inhibited,  and  the  result  on  the  heart's  action  is 
the  same  as  when  inhibition  is  brought  about  in  the  normal 
manner  and  heart  action  is  quickened  by  impulses  passing 
along  the  accelerator  nerves.    Most  of  the  varieties  of  tachy- 
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cardia  probably  in  the  same  way  depend  upon  inhibition  of  the 
tonic  action  of  the  cardio-inhibitory  centre,  though  the  nerves 
whereby  the  afferent  impulses  are  conveyed  to  the  medulla  must 
be  very  numerous  and  different,  judging  from  the  analogy  of 
physiological  increase  in  rapidity  of  heart  beat.  So  far  as  the 
tachycardia  that  constitutes  a  chief  symptom  of  exophthalmic 
goitre  or  G-raves's  disease  is  concerned,  its  pathology  is  quite 
unknown ;  though  the  subject  will  be  left  for  later  treatment 
it  may  be  mentioned  here  that  one  view  is  that  degenerative 
changes  in  the  cervical  sympathetic  ganglia  act  as  stimuli  to  the 
accelerator  nerves.  In  yet  two  other  conditions  tachycardia  is 
occasionally  a  prominent  symptom,  viz.,  as  a  sequel  to  influenza 
and  to  diphtheria.  It  is  possible  that  here  we  may  have  a  clue  to 
the  explanation  of  many  forms  of  tachycardia,  and  that  they 
may  be  found  to  depend  upon  some  toxic  action  upon  nerve 
centres  ;  poisons  (e.g.,  aconite)  are  already  known  which  produce 
acceleration  of  the  heart. 

Bradycardia,  in  which  the  rate  of  heart's  beat  is  diminished 
and  in  which  length  of  diastole  and  strength  of  beat  are  in- 
creased, is  a  much  rarer  variation  of  rhythm  than  tachycardia ; 
in  some  individuals  bradycardia  is  normal.  Like  tachycardia  it 
may  be  due  to  the  action  of  .poisons  (e.g.,  digitalis).  Bile-salts 
also  produce  bradycardia,  and  their  circulation  in  the  blood  ex- 
plains why  in  certain  forms  of  jaundice  the  pulse-rate  is  reduced 
to  50,  40,  or  even  20  per  minute.  Some  other  forms  of  brady- 
cardia, as  we  shall  see,  are  really  cases  of  alternating  heart  beat. 

Intermittence  is  a  pathological  condition  of  cardiac  rhythm 
of  but  little  clinical  significance  if  it  alone  be  present ;  in  many 
cases  the  intermittence  of  a  beat  every  now  and  then  might 
almost  be  regarded  as  normal,  while  an  extra  cigar  or  glass  of 
port  wine  is  frequently  sufficient  to  bring  it  about.  Sometimes 
the  intermittence  is  regular,  i.e.,  the  number  of  regular  beats 
between  two  dropped  beats  is  the  same,  sometimes  it  is  irregular. 
As  a  rule,  the  beat  which  follows  a  dropped  beat  is  stronger  than 
its  fellows,  and  in  this  way  compensation  is  made  for  the  inter- 
mission. The  reason  of  this,  no  doubt,  is  that  the  ventricle  after 
an  intermission  is  fuller  of  blood  than  usual,  and  a  portion  of  the 
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reserve  force  of  the  heart  is  called  upon  to  empty  it.  Concern- 
ing the  cause  of  intermittence  itself  no  satisfactory  explanation 
can  be  given.1 

In  some  cases  ventricular  systole  is  alternately  strong  and 
weak,  the  diastolic  pause  between  any  pair  of  beats  being,  how- 
ever, always  the  same  ;  or  a  weak  systole  may  follow  rapidly  on 
a  strong  beat  and  before  the  next  strong  systole  a  long  diastole 
may  intervene.  It  is  evident  that  if  such  a  heart  be  contracting 
at  the  rate  of  70  per  minute,  and  the  weak  beats  be  so  far 
weakened  as  to  become  imperceptible  to  ear  or  touch,  the  recog- 
nisable rate  of  heart  beat  will  be  35  per  minute,  and  apparently 
bradycardia  will  exist.  This  is  not  really  the  case,  however,  as 
the  weakened  beats  may  be  rendered  recognisable  by  causing  the 
patient  to  undergo  slight  muscular  exertion,  when  70  contrac- 
tions per  minute  will  again  be  present  or  perhaps  80  or  more, 
and  the  alternating  character  of  the  rhythm  will  show  itself. 
In  true  bradycardia  with  an  initial  rate  of  35  beats  per  minute, 
such  exertion  would  only  lead  to  a  rate  of  perhaps  45  beats  per 
minute,  and  alternation  would  be  completely  absent. 

Irregularity. — So  far  we  have  been  considering  variations  of 
rhythm  in  which  regularity  is  dominant ;  there  is  another  class 
of  case  in  which  the  heart's  action  is  completely  irregular  ;  beats 
follow  one  another  at  irregular  intervals  and  are  of  irregular 
strength,  intermittence  occurs,  but  it  too  is  irregular.  This 
form  of  variation  is  of  much  greater  importance  than  those  we 
have  hitherto  discussed,  and  is  frequently,  if  not  invariably, 
associated  with  some  organic  disease  of  the  heart  itself.  The 
cause  of  the  condition  is  uncertain,  though  it  must  assuredly  be 
dependent  upon  perverted  nerve  action,  whether  of  the  intrinsic 
or  of  the  extrinsic  nervous  elements  of  the  heart  or  of  both  it 
is  hard  to  say;  but  it  seems  probable  that  the  intrinsic  nerve 
elements  must  play  an  important  part  in  view  of  the  changes 
that  have  been  observed  in  the  cardiac  ganglia  in  endocarditis. 

Eoy  and  Adami  suggest  that  one  cause  of  irregularity  is  the 
interposition  of  idio-ventricular  beats  such  as  those  which  are 
seen  when  the  heart  is  exposed  to  powerful  vagus  action.  Since 

1  See  below,  p.  90. 
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irregularity  of  cardiac  rhythm  becomes  most  evident  when  the 
heart  begins  to  fail,  a  time  at  which  increased  demands  are  being 
made  on  the  heart,  and  therefore  at  which  it  is  more  than 
probable  that  vagus  action  is  increased  in  order  to  protect  the 
heart,  this  suggestion  most  likely  contains  some  truth.  Fran^ois- 
Franck  considers  that  the  irregularity  of  the  heart  in  mitral  in- 
sufficiency (and  this  may  stand  as  a  type  for  all  kinds  of  irregu- 
larity in  cardiac  rhythm)  depends  upon  myocarditis  or  endo- 
carditis ;  he  found  that  he  could  produce  irregularity  at  will 
by  irritating  the  endocardium  with  a  cardiac  sound.  Moreover, 
Rodet  and  Nicolas  observed  irregularity  of  heart  action,  transient 
it  is  true,  as  the  result  of  traumatic  stimuli  (incisions,  pricks) 
of  the  myocardium.  Nevertheless,  irregularity  is  probably 
at  bottom  nervous  and  not  muscular  in  origin,  and  hence  the 
opinions  given  above  practically  amount  to  the  single  view 
that  the  discharge  of  energy  from  the  cardiac  ganglia  becomes 
irregular  under  the  influence  of  an  irritant  of  some  description 
acting  either  locally  or  from  a  distance.  Unfortunately,  such  an 
explanation  is  not  of  great  assistance,  indeed  it  almost  amounts 
to  a  confession  of  complete  ignorance  upon  the  point. 

With  regard  to  intermittence  generally,  and  in  mitral  in- 
sufficiency in  particular,  much  discussion  has  taken  place  as  to 
whether  hemisystole  or  the  contraction  of  one  ventricle  without 
the  other  can  take  place.  Leyden  held  that  such  a  condition 
can  obtain,  and  explained  the  intermittence  as  being  due  to 
failure  of  a  left  ventricular  contraction,  the  right  contracting  as 
shown  by  pulsation  in  the  jugular  vein.  Recently  (1894)  Arloing 
stated  that,  with  prolonged  stimulation  of  the  right  vagus  in  the 
horse,  on  one  occasion  he  found  the  right  ventricle  beat  more 
slowly  than  the  left,  i.e.,  that  hemisystole  was  present.  But 
Frangois-Franck,  by  means  of  cardiac  tracings  taken  from  man 
and  the  dog  (the  latter  intra-cardial),  has  proved  conclusively  that 
the  two  ventricles  contract  simultaneously,  and  that  aborted 
systoles  in  one  appear  in  the  other  also.  On  the  whole,  therefore, 
it  must  be  concluded  that  though  hemisystole  is  possible,  it  is  so 
extremely  rare  that  it  may  be  left  out  of  consideration.  This  is 
contrary  to  the  teachings  of  Cohnheim  and  of  Leyden. 
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It  has  been  held  that  the  double  sound  which  is  at  times  heard 
at  the  apex  of  the  heart  is  due  to  asynchronism  of  first  sounds 
formed  in  the  right  and  in  the  left  ventricle,  but  it  is  probable 
that  the  so-called  reduplicated  first  sound  is  indicative  of  some 
valvular — probably  mitral — incompetence  and  is  of  the  nature  of 
a  murmur,  especially  as  other  signs  of  mitral  incompetence  are 
usually  present  when  such  reduplication  of  the  first  sound  is 
heard.  There  is  no  doubt,  however,  that  reduplication  of  the 
second  sound  occurs,  for  not  only  is  it  distinctly  audible,  but  also 
it  is  clearly  possible  that  the  pulmonary  or  the  aortic  tension 
may  become  so  increased,  that  closure  of  the  semilunar  valves  on 
that  side  on  which  the  tension  is  increased  takes  place  earlier 
after  all  the  blood  ejected  in  systole  has  left  the  ventricle,  than  it 
does  on  that  side  on  which  the  tension  is  normal  or  perhaps 
even  diminished.  This  is  probably  the  only  form  in  which 
asynchronism  occurs,  at  all  events  in  higher  animals.  That  the 
ventricles  are  essentially  independent  we  know  from  physiology, 
but  whether  they  ever  act  independently,  except  when  artificially 
separated,  is  another  and  a  much  more  doubtful  question. 

Note. — The  following  summary  account  of  the  nervous  regulation 
of  the  heart  may  be  of  use  : — The  heart  is  controlled  by  nerve  fibres 
which  travel  from  the  bulb  in  the  trunk  of  the  vagus,  and  by  nerve 
fibres  which  reach  the  heart  from  the  dorsal-spinal  cord,  having 
passed  through  the  sympathetic  chain.  Those  fibres  which  reach  the 
heart  by  the  vagus  are  connected  centrally  with  the  cardio-inhibitory 
centre,  are  tonic  and  inhibitory  in  action,  and  influence  the  heart 
through  the  cardiac  ganglia.  Those  nerves  which,  coming  off  from 
the  dorsal- spinal  cord  are  connected  with  cells  in  the  stellate  ganglion, 
from  the  results  of  their  action  are  known  as  augmentor  or  accelerator 
nerves ;  they  do  not  act  directly  upon  the  heart,  but  indirectly  by 
inhibition  of  the  vagus,  and,  so  far  as  is  known,  are  not  connected 
with  the  cardiac  ganglia.  In  addition  to  the  above,  afferent  impulses, 
starting  probably  in  the  sub-endocardial  and  sub-pericardial  regions, 
are  able  to  leave  the  heart ;  the  path  whereby  they  travel  is,  in  the 
main,  the  depressor  nerve  of  the  rabbit  or  its  representative  in  other 
mammals,  and  it  is  possible  that  afferent  impulses  may  also  travel  up 
by  way  of  the  vagus ;  in  either  case  these  afferent  impulses  are  con- 
veyed up  to  the  vaso-motor  centre,  and  through  it  influence  particu- 
larly the  vessels  in  the  splanchnic  area.    Besides  the  nerves  men- 
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tioned,  the  heart  possesses  in  some  degree  the  power  of  automatic 
action.  So  far  as  function  is  concerned  it  may  be  said  that  the  vagus 
protects  the  heart  at  the  expense  of  the  body,  the  accelerator  nerves 
waste  the  heart  for  the  advantage  of  the  body;  while  the  cardiac 
ganglia,  besides  modifying,  in  all  probability,  the  impulses  they  receive 
through  the  vagus,  appear  to  have  also  the  power  of  maintaining  the 
circulation,  in  spite  of  strong  vagus  opposition. 
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CHAPTER  IV. 


The  Pathology  of  the  Circulation  {continued} — The  Blood- 
vessels. 

Synopsis. 


I.  General  Considerations. 

II.  The  Effects  of  Pathologico-Ana- 

tomical  Changes  in  the  Blood- 
Vessel  Wall : 

(i)  On  the  Elasticity  of  the 

Vessel. 

(ii)  On  the  Calibre  of  the 

Vessel. 

III.  The  Effects  of  Diminished  Elas- 
ticity of  the  Vessel  Wall : 

(i)  On  the  Vascular  System  : 
(a)  When  Rigidity  of 
the  Vessel  is  in- 
creased. 


(i)  On  the  Vascular  System  : 

(b)  When  Rigidity  of 
the  Vessel  is  di- 
minished. An- 
eurysm. 

(ii)  Upon  the  Liability  of  Blood- 

vessels to  Rupture. 
IV.  The  Effects  of  Local  Diminutions 
of  Arterial  Calibre  (Ischsemia). 
Embolism.  Thrombosis.  In- 
farct.    Ergotism,  Pellagra, 
and  Raynaud's  Disease.  Tem- 
porary Ischeemia. 
V.  Local  Congestion. 
VI.  Effects  of  Haemorrhage. 
VII.  Venous  Pulsation. 
VIII.  Capillary  Pulsation. 


I.  General  Considerations. — From  our  point  of  view  mor- 
bid conditions  of  the  blood-vessels  are  chiefly  of  importance 
by  virtue  of  their  effects  upon  the  circulation  of  the  blood. 
The  elasticity  of  arteries  or  of  veins  may  be  diminished,  their 
calibre  may  be  increased  or  diminished,  they  may  suffer  solution 
of  continuity,  and  we  have  to  consider  the  effects  of  such  changes 
upon  (a)  the  blood-vessel  at  the  seat  of  change,  (b)  other  blood- 
vessels, (c)  the  heart,  (d)  the  tissues.  The  means  whereby  the 
vascular  changes  may  be  induced  are  numerous  ;  thus  diminution 
in  calibre  of  an  artery  may  depend  upon  anatomical  or  upon  ner- 
vous causes,  upon  obstruction  from  within,  or  upon  pressure  from 
without,  while  many  of  these  causes  might  be  further  subdivided. 
The  same  is  true  for  the  other  changes.    Moreover,  one  and  the 
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same  process  does  not  always  lead  to  the  same  result ;  this  will 
clearly  be  recognised  when  considering  the  effects  of  embolism 
or  of  atheroma. 

II.  The  effects  of  Pathologico-Anatomical  Changes 
in  the  Blood-vessel  Wall.— (i.)  On  the  Elasticity  of  the 
vessel.— Since  atheroma  is  the  commonest  pathological  change 
undergone  by  arteries,  being  absent  in  but  few  persons  above 
the  age  of  thirty  years,  changes  in  elasticity  of  arteries  may  very 
naturally  be  associated  with  atheroma.  But  a  moment's  reflec- 
tion affords  reasons  for  believing  that  atheroma  and  loss  of 
elasticity  of  the  arterial  wall  stand  to  one  another  in  the  re- 
lation of  cause  and  effect.  When  we  consider  that  in  atheroma 
of  the  aorta  the  vessel  wall  may  be  replaced  over  areas  varying 
in  diameter  from  one  to  twenty  millimetres  or  more  by  a  fatty 
and  granular  detritus,  which  is  at  times  held  in  position  by  little 
more  than  a  layer  of  endothelium  covering  it,  and  which  often 
involves  as  much  as  one-half  of  the  thickness  of  the  aortic  wall ; 
or  that  in  other  cases,  owing  to  the  deposition  of  lime  salts  in 
the  atheromatous  and  fatty  material,  the  inner  coat  of  the  aorta 
has  come  to  consist  of  a  more  or  less  continuous  calcareous 
plate  (arteritis  deformans),  we  cannot  fail  to  conclude  that 
atheroma  must  be  the  commonest  cause  of  diminished  elasticity 
of  the  aorta. 

The  last  work  of  importance  that  has  appeared  in  this  country 
upon  the  elastic  properties  of  the  vessel  wall  is  that  by  Eoy  in 
1880.  He  pointed  out  that  animal  tissues  differ  from  most 
other  substances  in  thermo-elastic  properties ;  they  contract  on 
being  warmed,  and  expand  on  being  cooled,  on  being  stretched 
their  temperature  rises  and  falls  again  when  they  are  relaxed. 
He  showed  that  arteries  are  most  elastic  and  most  distensible 
with  internal  pressures  at  or  near  those  which  obtain  in  them 
during  life,  for,  in  the  case  of  the  aorta  and  large  arteries  with 
which  he  chiefly  worked,  he  found  experimentally  that  the 
maximum  increase  in  capacity  is  reached  with  unit  increase  of 
internal  pressure,  when  the  internal  pressure  is  at  or  about  the 
mean  blood-pressure  of  the  animal  from  which  the  specimen  was 
taken.    In  adult  man  he  found  the  elasticity  of  the  vessels  less 
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than  in  the  lower  animals,  and  showed  that  in  man  with  advanc- 
ing years  the  elasticity  of  the  aorta  to  the  higher  pressures 
diminishes  markedly.  The  elasticity  of  arteries  is  readily 
modified  by  diseases  affecting  the  general  nutrition  ;  slow  febrile 
and  wasting  diseases  may  completely  modify  the  curve  of  elas- 
ticity, so  that  the  arteries  are  found  after  death  from  such 
diseases  relatively  wider  than  normal,  and  most  distensible  with 
pressures  immediately  above  zero,  in  this  latter  respect  conform- 
ing to  what  is  normal  for  the  elasticity  of  veins.  It  is  hardly 
necessary  to  point  out  that  hyper- distension  long  kept  up  and 
inflammatory  processes,  by  altering  the  constitution  of  the  vessel 
walls,  impair  their  elasticity,  nor  that,  owing  to  the  superiority 
of  arterial  over  venous  blood-pressure,  loss  of  elasticity  is  of 
greater  importance  in  the  arteries  than  in  the  veins. 

(ii.)  On  the  Calibre  of  the  Blood-vessels. — The  changes 
may  be  in  the  direction  of  (A)  diminution,  or  (B)  increase,  and 
may  be  either  general  or  local. 

A.  Diminution  in  Calibre. — In  the  case  of  arteries  the  chief 
causes  of  diminished  calibre  are  atheroma,  arterio-sclerosis,  endar- 
teritis obliterans.  In  the  aorta,  atheroma  rarely  leads  to  narrowing 
or  stenosis,  unless  it  involve  the  aortic  semilunar  valves,  but  if 
the  degenerative  process  be  very  widely  distributed  in  the  body, 
smaller  arteries,  such  as  the  radial,  may  become  affected.  In  such 
cases  the  condition  is  almost  invariably  accompanied  by  a  deposi- 
tion of  calcium  salts  in  the  atheromatous  patches,  and  the  walls 
of  the  arteries  may  become  converted  into  rigid  calcareous  tubes. 
Not  only  in  these  cases  is  the  elasticity  of  the  affected  vessels 
abolished,  but  also  the  calcareous  deposit  encroaches  upon  the 
lumen  of  the  tube  to  such  an  extent  that  at  times  it  becomes 
well-nigh  impervious.  A  similar  narrowing  of  the  lumen  of  the 
smaller  arteries  occurs  in  arterio-sclerosis,  but  though  great  it  is 
not  commonly  so  excessive  as  that  which  is  found  in  atheroma. 
In  this  condition,  too,  the  arterial  wall,  though  thickened  and 
fibrotic,  has  not  entirely  lost  its  elasticity,  and  the  effects  pro- 
duced upon  other  parts  of  the  circulatory  system  are  correspond- 
ingly different.  An  artery  which  is  the  seat  of  arterio-sclerosis 
may  later  become  affected  by  atheroma.    Both  atheroma  and 
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arterio- sclerosis  are  more  or  less  general  processes  affecting  large 
portions  of  the  arterial  system,  and  the  diminution  in  calibre  to 
which  they  lead  differs  in  character  and  in  effects  from  that 
which  is  due  to  external  pressure  exerted  by  a  ligature  or  a 
tumour,  and  in  which  the  diminution  in  calibre  of  the  vessel  is 
purely  local. 

Diminution  in  calibre  of  veins  is  not  important  in  itself,  but 
becomes  so  in  view  of  the  fact  that,  if  extensive,  it  may  cause 
dilatation  of  the  veins  and  congestion  of  the  capillaries  behind 
it,  by  opposing  an  obstacle  to  the  onflow  of  the  blood.  It  is 
generally  dependent  upon  thrombosis  or  upon  the  pressure  of  a 
tumour. 

B.  Increase  in  Calibre. — In  the  case  of  arteries  this  fre- 
quently goes  hand  in  hand  with  an  impairment  of  elasticity 
induced  lay  one  or  other  of  the  causes  that  have  been  mentioned. 
When  the  elasticity  of  a  vessel  has  become  impaired,  this  impair- 
ment may  be  general  or  local,  and,  therefore,  any  dilatation  of  a 
vessel  due  to  loss  of  elasticity  may  be  either  general  or  local  also. 
Since  atheroma  is  one  of  the  chief  causes  of  diminution  in  elas- 
ticity, it  is  also  the  great  cause  of  local  and  general  dilatations 
of  arteries  (aneurysm). 

The  small  arteries  may  become  dilated  owing  to  the  removal 
of  the  tonic  vaso-constricting  impulses  which  they  receive  from 
the  medulla  oblongata ;  this  may  take  place  in  the  ordinary 
physiological  manner,  or  may  be  due  to  some  pathological  lesion, 
of  whatever  kind,  affecting  spinal  cord  or  nerves  in  those  portions 
of  their  tracts  which  normally  conduct  vaso-motor  impulses.  This 
variety  of  dilatation  will  be  considered  along  with  congestion. 

In  the  veins,  dilatation  occurs  principally  as  the  result  of  ob- 
struction to  the  flow  of  blood  towards  the  heart.  If  the  obstruction 
be  great,  the  veins  are  kept  in  a  chronic  condition  of  hyper-disten- 
sion, owing  to  the  increase  of  venous  blood-pressure  within  them, 
and  gradually  losing  their  elasticity,  they  become  more  and  more 
dilated  as  time  goes  on.  Here  again  the  condition  may  be 
localised,  as  in  the  case  of  a  varicose  saphena  vein,  or  may  be 
general,  as  in  cases  where  the  obstruction  depends  upon  some 
central  lesion  such  as  valvular  disease  of  the  heart. 
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III.  The  effects  of  Diminished  Elasticity  of  the 
Vessel  Walls. — (i.)  Upon  the  Vascular  System. — Since 
diminution  in  elasticity  of  the  vessel  wall  is  of  its  greatest  import- 
ance in  the  arteries,  we  shall  refer  almost  entirely  to  those  vessels 
in  the  following  paragraphs.  Now  the  effects  of  such  diminution 
in  elasticity  differ  widely  according  to  whether  the  rigidity  of  the 
vessel  is  at  the  same  time  (a)  increased,  or  (6)  diminished.  That 
the  rigidity  may  be  altered  in  either  of  these  two  directions  is 
easily  seen  in  the  case  of  atheroma  of  the  aorta.  Where  the 
atheromatous  change  alone  has  occurred  with  the  formation  of 
an  atheromatous  ulcer,  the  rigidity  of  the  aortic  wall  is  dimin- 
ished, because  a  portion  of  the  thickness  of  the  wall  has  been 
destroyed  ;  on  the  other  hand,  where  the  atheromatous  change 
has  been  accompanied  by  calcification,  the  rigidity  of  the  aortic 
wall  is  increased,  because  a  plate  of  calcareous  material  is  more 
rigid  than  the  elastic  tissue  which  it  replaces. 

(a)  Rigidity  is  increased. — When  the  rigidity  of  an  arterial 
wall  is  increased  it  opposes  a  greater  resistance  to  distension  by 
the  systolic  increase  of  the  blood-pressure  than  before,  and  the  in- 
crease of  resistance  may  either  be  sufficiently  small  for  disten- 
sion to  be  brought  about  by  an  increased  force  of  contraction  on 
the  part  of  the  left  ventricle,  or  it  may  be  so  great  that  even  the 
most  forcible  systole  of  the  left  ventricle  is  totally  unable  to 
produce  any  distension  at  all.  As  an  example  of  the  former 
class  of  case  we  have  the  fibrotic  condition  of  arterioles  described 
by  Gull  and  Sutton,  and  known  as  arterio-sclerosis.  As  examples 
of  the  latter  class  are  those  cases  in  which  extensive  calcification 
of  arteries  occurs,  whether  that  calcification  be  mainly  confined 
to  the  aorta  or  involve  vessels  down  to  and  including  those  of  no 
greater  diameter  than  the  radial. 

Now  the  effects  that  are  produced  upon  the  heart  are  widely 
dissimilar.  It  is  a  fundamental  law  of  pathology  and  physiology, 
that  if  a  healthy  muscle  is  intermittently  called  upon  to  contract 
against  an  increased  resistance  which  it  can  overcome,  it  hyper- 
trophies, and  thus  in  arterio-sclerosis  the  left  ventricle  hyper- 
trophies.   Moreover,  since  it  is  one  of  the  inherent  properties  of 

fibrous  tissue  to  contract,  the  lumina  of  the  arterioles  become  more 
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and  more  narrowed  and  lead  to  more  and  more  hypertrophy  of 
the  left  ventricle.  So  far  as  the  blood-pressure  is  concerned, 
since  peripheral  resistance  is  increased,  and  the  output  of  the 
heart  is  increased,  the  blood-pressure  rises.  It  is  unnecessary  to 
go  further  into  the  pathology  of  the  heart  changes  in  arterio- 
sclerosis, since  they  are  in  every  essential  the  same  as  those  which 
we  have  fully  discussed  when  dealing  with  aortic  stenosis ;  the 
only  difference  is  that  in  the  one  case  the  increased  resistance  is 
interposed  at  the  proximal  end  of  the  arterial  system,  in  the 
other  it  is  interposed  at  the  distal  end. 

When  calcification  of  the  arteries  occurs  the  heart  is  affected 
very  differently.  If  the  calcareous  change  be  confined  to  the 
aorta,  though  it  interposes  a  resistance  to  the  emptying  of  the 
left  ventricle  because  the  aorta  fails  to  expand  during  ven- 
tricular systole,  and,  therefore,  one  would  imagine,  should  lead 
to  hypertrophy  of  the  ventricle,  this  change  does  not  take  place. 
The  reason  of  this  lies  in  the  fact  that  the  resistance  to  opening 
of  the  aortic  valves  is  a  compound  of  two  factors,  elasticity  of  the 
aorta  and  the  peripheral  resistance  in  the  small  arteries.  If  com- 
pensatory changes  can  take  place  in  the  peripheral  resistance,  the 
effect  of  rigidity  of  the  aortic  wall  (so  far  as  it  does  not  lead  to 
stenosis  of  the  aorta)  is  minimised,  and  the  only  effect  on  the 
circulation  is  that  the  blood-current  and  the  pulse-wave  pass 
with  a  greater  velocity  through  the  rigid  portion  of  the  system, 
and  first  distend  the  arteries  at  a  more  distal  point  than  usual. 
The  heart,  therefore,  in  these  cases  is  not  hypertrophied,  indeed 
since  atheromatous  and  calcareous  changes  are  essentially  associ- 
ated with  old  age,  the  nutrition  of  the  musculature  of  the  heart 
is  impaired,  and  such  an  aorta  is  found  associated  with  a  flabby 
and  somewhat  dilated  heart.  For  reasons  that  are  obvious  the 
blood-pressure  is  lower  than  normal.  If  the  calcareous  change, 
besides  affecting  the  aorta,  affects  many  of  the  smaller  arteries  of 
the  body,  it  interposes  a  resistance  to  the  ventricular  systole 
which,  unlike  that  produced  by  arterio-sclerosis,  cannot  be  over- 
come by  increased  force  of  heart's  beat.  Hence  in  this  case  also, 
the  left  ventricle  does  not  hypertrophy,  but  on  the  other  hand 
dilates  considerably,  and  its  walls  become  thinner  than  normal. 
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In  all  cases  in  which  elasticity  of  the  arteries  is  diminished 
and  rigidity  is  increased,  the  vessels  become  elongated  and  tortu- 
ous, while  of  course  they  also  become  firmer  to  the  touch.  So 
far  as  the  pulse-wave  is  concerned,  if  the  artery  is  completely 
calcareous  no  pulse-wave  can  be  felt  at  all ;  if,  on  the  other  hand, 
the  vessel  wall  is  fibrotic,  the  pulse-wave,  partly  owing  to  the 
rigidity  of  the  walls,  and  partly  owing  to  the  small  stream  of  blood 
which  flows  through  the  narrowed  vessels,  though  perceptible, 
is  not  able  to  raise  the  arterial  wall  to  so  great  an  extent  as 
normal.  Rigidity  of  the  wall  itself,  too,  renders  the  compres- 
sion of  the  artery  by  the  finger  and  the  obliteration  of  the 
pulse-wave  more  difficult.  Hence,  clinically,  the  pulse  in  cases 
of  arterio-sclerosis  is  described  as  small,  hard,  and  tense,  while 
in  cases  of  atheroma  with  calcification,  the  pulse,  if  present,  is 
weak,  and  in  advanced  cases  may  be  imperceptible. 

(b)  Rigidity  is  diminished.  Aneurysm. — When  the  rigidity 
of  the  vessel  wall  is  diminished  as  well  as  its  elasticity,  the 
distensibility  of  the  wall  is  increased.  Here,  again,  the  most 
important  effects  are  seen  in  the  case  of  the  arteries.  The 
increase  in  distensibility  of  the  artery  may  be  general  or 
local.  In  either  case,  if  the  dilatation  exceeds  a  certain 
very  small  amount,  an  aneurysm  results.  The  mode  of 
formation  of  a  fusiform  aneurysm,  which  is  after  all  but  a 
general  dilatation  of  some  vessel,  usually  the  aorta,  over  a  certain 
portion  of  its  length,  is  simple.  When  the  ventricular  systole 
adds  to  the  transverse  force  exerted  upon  the  vessel  wall  by  the 
mean  blood-pressure,  the  wall  expands  equally  in  all  directions 
(external  support  being  left  out  of  the  question).  If  the  wall  is 
healthy,  the  elasticity  is  sufficient  to  bring  it  back  into  the  normal 
position  before  the  next  systolic  distension  takes  place  ;  but  if  the 
elasticity  and  the  rigidity  of  the  vessel  wall  are  diminished,  not 
only  does  the  same  transverse  force  produce  a  greater  yielding 
and  thinning  of  the  wall,  but  also  the  elasticity  is  insufficient  to 
bring  the  wall  back  again  into  *the  normal  position  before  the 
next  systolic  distension  occurs.  Hence  a  slight  but  increasing 
balance  is  left  on  the  side  of  distension,  and  gradually  the 
fusiform  aneurysm  is  formed.    Though  thinned,  the  three  coats 
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of  an  artery  are  usually  present  in  such  an  aneurysm.  Where  the 
dilatation  of  the  vessel  is  localised  to  a  more  or  less  circumscribed 
spot,  a  saccular  aneurysm  results.  The  mode  of  formation  of  a 
saccular  aneurysm  is  essentially  the  same  as  that  of  a  fusiform 
aneurysm,  but  the  loss  of  elasticity  and  rigidity  which  precedes 
the  formation  of  a  saccular  aneurysm  is,  in  the  majority  of  cases, 
due  to  the  actual  destruction  of  a  portion  of  the  vessel  wall  by 
atheroma,  and  the  formation  of  an  atheromatous  ulcer. 

If  we  omit  the  question  of  rupture,  an  aneurysm,  though  it  is 
of  extreme  importance  in  other  ways,  is  unimportant  so  far  as 
the  circulation  is  concerned.  For  the  only  effect  of  the  dilata- 
tion is  to  increase  the  capacity  of  the  arterial  system  by  an 
amount  equal  to  the  cubic  content  of  the  aneurysm,  and  thereby 
proportionately  to  diminish  the  peripheral  resistance;  to  some 
extent,  therefore,  it  must  relieve  the  left  ventricle  of  work,  and 
hence  a  pure  uncomplicated  aneurysm  is  not  associated  with 
cardiac  change.  But  since  so  few  aneurysms — at  all  events  of 
the  aorta — are  uncomplicated,  and  so  many  are  associated  with 
atheromatous  changes  about  the  aortic  valves,  which  lead  in 
particular  to  aortic  regurgitation,  it  is  generally  found  that  aortic 
aneurysm  is  associated  with  the  dilatation  and  hypertrophy  of 
the  left  ventricle  which  that  aortic  regurgitation  induces. 

Peripherally,  however,  certain  circulatory  changes  frequently 
show  themselves.  Thus,  if  an  aneurysm  involves  the  innominate 
artery,  not  only  will  marked  pulsation  occur  over  the  seat  of  the 
aneurysm,  but  also  the  pulse  at  the  right  wrist  may  be  noticed  to 
be  smaller  and  to  occur  later  than  the  pulse  at  the  corresponding 
point  on  the  left  side. 

The  reason  of  these  phenomena  is  as  follows.  The  amplitude  of 
a  pulse-wave  varies  directly  as  the  diameter  of  the  vessel  through 
which  it  is  passing.  In  the  aneurysm  itself  the  diameter  is  great 
and  the  vessel  is  fairly  superficial,  hence  the  amplitude  of  the 
pulse-wave  is  great  also  and  the  wave  itself  is  easily  felt,  or  even 
seen.  But  of  the  amount  of  blood  which  enters  the  innominate 
artery,  the  major  portion  is  required  to  fill  the  aneurysm,  and  the 
amount  of  blood  which  reaches  the  subclavian  artery  for  distribu- 
tion to  the  arm  is  less  than  normal.    Now,  since  the  diameter  of 
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an  artery  accommodates  itself  to  the  amount  of  blood  which  the 
vessel  contains,  and  the  right  radial  artery  contains  less  blood  than 
the  left,  the  diameter  of  the  right  radial  artery  is  less  than  that 
of  the  left  radial  artery.    The  amplitude,  therefore,  of  the  pulse- 
wave  at  any  given  point  in  the  right  radial  artery  is  less  than  the 
amplitude  at  the  corresponding  point  of  the  left  radial  artery, 
and  the  "  pulse  "  at  the  right  wrist  is  smaller  than  it  is  at  the 
left ;  sometimes  the  diameter  of  the  right  radial  artery  may  be 
diminished  to  so  great  an  extent,  owing  to  the  magnitude  of  the 
aneurysm,  that  no  pulse-wave  at  all  is  perceptible  at  the  right 
wrist.  The  right  pulse  is  retarded  in  cases  of  innominate  aneurysm, 
because  the  velocity  of  the  pulse-wave  varies  inversely  as  the 
diameter  of  the  vessel  through  which  the  wave  is  passing.  Since 
the  right  subclavian,  axillary,  brachial,  and  radial  arteries  have 
smaller  diameters  than  those  vessels  on  the  left  side,  the  pulse-wave 
in  these  vessels  must  actually  travel  with  greater  velocity  on  the 
right  side  than  it  does  on  the  left,  and  if  the  wave  passed  corre- 
sponding points  in  the  two  axillary  arteries  at  the  same  moment, 
the  pulse  at  the  right  wrist  would  precede  the  pulse  at  the  left 
wrist.    That  this  is  not  the  case  depends  upon  the  fact  that  the 
pulse-waves  do  not  pass  corresponding  points  in  the  two  axillary 
arteries  at  the  same  moment.    The  diameter  of  the  aneurysmal 
innominate  artery  being  considerably  greater  than  the  diameter 
of  the  healthy  left  subclavian  artery,  the  pulse-wave  travels  more 
slowly  through  the  aneurysm  than  it  does  through  a  correspond- 
ing length  of  the  left  subclavian  artery.    Hence  the  pulse-wave 
reaches  a  given  point  in  the  right  axillary  artery  later  than  it 
does  the  corresponding  point  in  the  left  axillary  artery,  and  this 
lateness  shows  itself  at  the  right  wrist,  though  a  portion  of  the 
delay  is  made  up  by  the  greater  speed  with  which  the  wave 
travels  down  the  narrower  vessels  of  the  right  arm.    The  same 
reasoning  applies  in  the  case  of  an  aneurysm  seated  on  any 
artery,  and  hence  the  arterial  pulse  on  the  distal  side  of  an 
aneurysm  is  small  and  retarded. 

(ii.)  Upon  Liability  of  Blood-vessels  to  Rupture. — 
Whether  the  rigidity  of  the  vessel  be  increased  or  diminished, 
whether  dilatation  occur  or  no,  diminution  of  elasticity  is  accom- 
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panied  by  an  increased  tendency  towards  rupture.  Let  us  first' of 
all  suppose  that  rigidity  is  increased.  Now  in  a  cylinder  the  tear- 
ing stress  exerted  by  a  given  force  diminishes  as  one  proceeds  along 
a  radius  from  the  centre.  Hence,  if  the  force  of  the  ventricular 
systole  be  constant,  the  tearing  stress  exerted  by  the  blood-pres- 
sure at  the  moment  of  systole  upon  the  wall  of  the  vessel  is 
greater  when  the  radius  of  the  vessel  remains  unchanged,  i.e., 
when  the  vessel  is  rigid  as  in  calcification,  than  it  is  when  the 
radius  is  increased,  i.e.,  when  the  vessel  is  distensible  as  in  health, 
and,  therefore,  the  liability  to  rupture  in  the  former  case  is 
greater  than  it  is  in  the  latter.  This  statement  holds,  irrespective 
of  any  alteration  in  the  vessel  wall,  excepting  the  radius.  But 
when  it  is  added  that  in  those  cases  where  rigidity  occurs,  the 
constitution  of  the  vessel  wall  has  been  altered  by  impairment 
of  its  nutrition,  it  is  clear  that  not  only  is  the  tearing  stress 
exerted  by  the  blood-pressure  greater  than  normal,  but  also  the 
power  of  the  rigid  vessel  wall  to  resist  that  tearing  stress  is  less 
than  normal. 

Where  rigidity  of  the  vessel  wall  is  diminished  and  dilatation 
occurs,  the  increased  tendency  towards  rupture  must  be  explained 
in  a  slightly  different  manner.  If  we  take  a  saccular  aneurysm 
as  an  example,  since  the  line  drawn  from  the  axis  of  the  vessel  to 
the  furthest  point  on  the  wall  of  the  aneurysm  is  greater  than 
the  radius  of  the  vessel  itself,  it  follows  that  the  tearing  stress 
exerted  by  the  blood-pressure  on  the  wall  of  the  aneurysm  must 
be  less  than  it  is  on  the  wall  of  the  vessel  from  which  the 
aneurysm  is  formed.  Now,  though  it  is  certainly  true  that  a 
saccular  aneurysm  would  be  less  likely  to  rupture  than  the  vessel 
on  which  it  is  seated,  if  the  wall  of  the  aneurysm  were  similar  in 
every  respect  to  the  ivall  of  the  vessel  itself,  this  condition  does  not 
actually  obtain.  The  wall  of  a  saccular  aneurysm,  on  the  con- 
trary, as  can  be  readily  seen  from  its  mode  of  formation,  consists 
of  little  more  than  the  expanded  adventitia,  and  hence  is  thinner 
than  the  arterial  wall;  moreover,  in  addition  to  the  thinning 
which  results  from  the  distending  force  of  the  blood-pressure 
acting  from  within,  the  aneurysmal  sac  is  in  contact  with  more 
or  less  rigid  substances  (e.g.,  costal  cartilages  or  bronchus  in  the 


RUPTURE  OF  ANEURYSMS. 


case  of  aneurysm  of  the  ascending  or  transverse  part  of  the  arch 
of  the  aorta),  which,  acting  from  without,  lead  to  pressure  atrophy 
of  the  wall  of  the  sac.  Even  though  the  wall  of  the  sac  may  be 
no  thicker  than  a  sheet  of  note-paper,  the  tearing  stress  is  not 
commonly  sufficient  to  lead  to  rupture  until  the  pressure  atrophy 
has  gone  so  far  as  to  produce  an  actual  perforation  of  the  sac 
wall.  A  large,  saccular  aortic  aneurysm  may  communicate 
directly  with  the  bronchus  by  a  pin-hole  opening,  and  leakage  of 
blood  into  the  bronchus  may  occur  for  days  or  even  weeks  before 
some  sudden  exertion  on  the  part  of  the  patient,  accompanied  by 
more  forcible  action  of  the  left  ventricle,  causes  rupture  of  the 
sac  and  fatal  haemorrhage. 

In  both  classes  of  case,  therefore,  the  increased  tendency  to 
rupture  which  accompanies  diminution  in  elasticity  depends  upon 
a  failure  of  correspondence  between  the  tearing  stress  exerted  by 
the  blood-pressure  and  the  power  which  resides  in  the  modified 
vessel  wall  to  resist  that  stress.  In  calcification  of  the  aorta  the 
rigid  vessel  gives  way,  primarily  because  the  tearing  stress  to 
which  it  is  exposed  is  greater  than  that  which  the  healthy  vessel 
is  called  upon  to  withstand.  In  a  saccular  aneurysm  the  tear- 
ing stress  exerted  by  the  blood-pressure  is  actually  lower  than  in 
the  vessel  upon  which  the  aneurysm  is  seated,  and  diminishes  with 
enlargement  of  the  sac ;  but  the  wall  gives  way  because,  thinned 
by  pressure  from  within  and  without,  its  power  of  resisting  the 
tearing  stress  is  diminished  to  a  proportionately  greater  extent.1 

The  "  dissecting"  variety  of  aneurysm  is  especially  associated  with 
rupture,  and  differs  in  appearance  so  markedly  from  the  varieties 
already  described  that  it  must  be  mentioned  separately.  In  this 
variety,  which  almost  always  occurs  in  the  aorta,  atheroma  causes 
a  lesion  of  the  intima,  but  the  blood-pressure,  instead  of  dilating 
the  adventitia  and  forming  a  saccular  aneurysm,  or  rupturing 
the  adventitia  and  leading  to  fatal  haemorrhage,  causes  a  separa- 
tion of  the  layers  constituting  the  middle  coat  of  the  artery.  The 
blood,  tearing  up  the  middle  coat  perhaps  from  the  junction  of 

1  These  considerations  enable  one  to  readily  explain  the  fact  that  fatal  intra- 
pericardial  haemorrhage  in  young  adults  is  so  often  found  to  be  due  to  rupture  of 
a  small,  thin-walled  aneurysm,  the  existence  of  which  had  not  been  suspected  in 
life. 
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the  ascending  and  transverse  portions  of  the  arch  down  to  the 
bifurcation  or  even  further,  lies,  therefore,  between  the  adventitia 
and  the  intima.  That  it  takes  this  course,  instead  of  distending 
or  rupturing  the  adventitia  or  returning  through  a  fresh  perfora- 
tion of  the  intima  into  the  lumen  of  the  vessel,  because  it  is  the 
direction  of  least  resistance,  there  can  be  no  doubt,  but  to  anyone 
who  has  attempted  artificially  to  tear  up  the  middle  coat  of  the 
healthy  aorta  in  the  same  manner,  the  force  exerted  by  the  blood- 
pressure  seems  to  be  utterly  inadequate.  This  portion  of  the 
pathology  of  dissecting  aneurysm  is  a  complete  mystery,  but  the 
experiment  mentioned  seems  to  point  to  the  probability  that  the 
peculiar  course  taken  by  the  blood  will  be  found  to  depend  upon 
some  pathological  condition  affecting  the  media  generally,  where- 
by its  resistance  is  greatly  diminished.  Ultimately  the  adventitia 
is  ruptured  also,1  usually  at  a  point  opposite  or  nearly  opposite 
to  the  original  lesion  in  the  intima,  and  this  second  and  fatal 
haemorrhage  may  occur  a  few  hours  after  the  dissection  of  the 
middle  coat  has  been  made  or  may  be  delayed  for  several  months. 

IV.  The  effects  of  Local  Diminutions  of  Arterial 
Calibre  (Ischsemia). — If  the  lumen  of  an  unbranched  tube 
through  which  fluid  is  passing  from  a  reservoir  be  constricted  at 
any  part  of  its  course,  three  results  follow :  1,  the  velocity  of  flow 
in  the  proximal  and  distal  portions  of  the  tube  diminishes ;  2, 
the  pressure  in  the  proximal  portion  of  the  tube  rises ;  and  3, 
the  pressure  in  the  distal  portion  of  the  tube  falls.  Now,  in  the 
case  of  an  artery,  theoretically  the  same  results  follow  also,  but 
frequently  they  are  not  obvious.  This  may  be  because  the 
amount  of  obstruction  is  slight,  for  the  results  mentioned  above 
vary  directly  with  the  degree  of  constriction,  but  in  the 
majority  of  cases  it  depends  upon  the  facts  that  the  greater 
number  of  arteries  are  branched  and  that  the  branches  of  adja- 
cent arteries  anastomose.  There  is,  however,  a  variety  of  artery, 
the  branches  of  which  do  not  form  anastomoses,  and  in  such, 
complete  obstruction  of  the  arterial  lumen  leads  to  complete 
arrest  of  blood-flow  in  the  distal  portion  of  the  artery  and  in 

1  E.  Rindfleisch  relates  a  case  in  which  healing  of  a  dissecting  aneurysm  of  the 
arch  of  the  aorta  took  place,  but  this  must  be  almost  if  not  quite  unique. 
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the  capillaries  which  it  supplies.  Examples  of  these  "  terminal " 
or  "  end "  arteries  are  to  be  found  in  the  central  artery  of  the 
retina,  in  the  branches  of  the  renal  and  splenic  arteries  after  they 
have  entered  into  the  respective  organs,  the  lenticulo-striate 
branches  of  the  middle  cerebral  artery,  and  perhaps  some  others. 

(i.)  Effects  of  occluding  a  Terminal  Systemic  Artery.— 
When  a  terminal  systemic  artery  is  occluded  the  supply  of  blood 
to  the  corresponding  capillary  area  is  cut  off,  and  such  blood  as  was 
in  the  area  at  the  moment  of  occlusion  passes  into  the  vein  by 
reason  of  the  contraction  to  undistended  volume  undergone  by 
the  portion  of  the  artery  beyond  the  occlusion.  The  capillary 
area  involved  is,  from  the  nature  of  the  case,  cone-shaped,  and 
the  apex  of  the  cone  is  at  the  seat  of  occlusion.  From  this  point 
the  subsequent  course  of  events  differs  somewhat  according  to 
circumstances.  Strictly  speaking,  such  a  conical  mass  of  tissue 
should  be  completely  bloodless  and  pale,  and  the  condition  should 
be  one  of  complete  local  anaemia.  This  it  occasionally  is,  as,  for 
example,  when  a  lenticulo-striate  artery  is  occluded ;  and  the  sub- 
sequent changes  undergone  by  the  cone  are  bloodless  also,  for  the 
mass,  deprived  of  its  nutrition,  dies,  and  the  soft  necrotic  material 
which  results  from  the  occlusion  of  such  a  terminal  artery  in  the 
brain  is  colourless  and  is  spoken  of  as  "  white  softening."  But 
in  the  majority  of  cases  the  conical  mass  becomes  filled  to  a 
greater  or  less  extent  with  blood,  takes  on  a  purplish  colour  and 
is  known  as  a  hemorrhagic  infarct. 

The  blood  which  fills1  the  cone  and  distends  its  capillaries 
to  such  an  extent  that  the  condition  is  rightly  spoken  of  as 
"  infarction"  obviously  does  not  arrive  by  the  usual  route,  for 
the  artery  which  normally  supplies  the  part  is  occluded;  and 
since  no  anastomotic  arterial  branches  exist  to  convey  blood  by 
circuitous  routes  excepting  the  universally  anastomotic  capil- 
laries, it  follows  that  the  blood  in  an  infarct  comes  from  the 
neighbouring  capillaries  or  possibly  the  neighbouring  veins.  It 
arrives  there  because  a  difference  obtains  between  the  pressures 
of  blood  in  the  capillaries  of  the  cone  and  in  the  neighbouring 

1  In  the  case  of  renal  and  splenic  infarcfion,  if  the  cone  be  large,  the  central 
portion  may  remain  more  or  less  bloodless  to  the  end. 
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capillaries,  whiclr  are  supplied  with  blood  by  patent  arteries,  and 
it  accumulates  in  the  cone  until  the  pressure  there  is  equal  to  the 
pressure  in  the  neighbouring  capillaries.  Moreover,  since  the 
blood  is  driven  into  the  cone  from  all  sides  and  no  arterial  force 
is  present  to  urge  it  into  the  vein  which  corresponds  to  the 
occluded  artery,  it  stagnates  in  the  cone,  gives  up  its  oxygen  to 
the  starving  tissue,  and  becomes  intensely  venous.  The  tissue 
elements  of  the  cone,  as  a  part  of  their  mal-nutrition,  lose  their 
elasticity  and  become  more  distensible,  so  that  an  infarcted  area 
is  fuller  of  blood  than  was  the  same  area  under  normal  con- 
ditions, and  projects  from  the  surface  if  a  section  be  made,  or  if, 
as  is  the  case  in  infarct  of  the  kidney  or  spleen,  the  conical  mass 
of  tissue  supplied  by  the  terminal  artery  has  its  base  immediately 
beneath  the  fibrous  capsule  of  the  organ. 

(ii.)  Effects  of  occluding  an  Anastomosing  Artery.— 
But  the  majority  of  arteries  are  not  terminal,  and  the  effects 
that  are  produced  by  occlusion  of  an  artery  which  is  provided 
with  anastomotic  branches  are  different.  This  difference  of 
effect,  since  it  depends  upon  the  presence  of  anastomoses,  itself 
varies  according  to  the  number  and  size  of  the  anastomotic 
branches.  If  they  be  many  and  of  large  size,  as,  for  example, 
those  uniting  the  branches  of  the  superior  and  inferior  mesen- 
teric arteries,  the  circuitous  routes  whereby  the  blood  can  reach 
any  one  part  are  so  many,  that  occlusion  of  a  single  branch, 
though  of  large  size,  is  absolutely  without  effect  upon  the  tissues. 

If  the  anastomotic  branches  be  few  and  of  small  size,  the 
vessel  approaches  towards  the  characters  of  a  terminal  artery, 
and  the  results  produced  by  its  occlusion  lie  somewhere  between 
the  two  extremes  of  which  we  have  already  spoken.  A  good 
example  is  afforded  by  the  femoral  artery.  The  anastomotic 
branches  about  the  knee-joint  are  small,  and  the  amount  of 
blood  required  for  the  nutrition  of  the  leg  and  foot  is  large,  hence 
the  subsequent  fate  of  the  leg  and  foot,  after  ligature  of  the 
femoral  artery  in  Hunter's  canal,  depends  Upon  the  condition  in 
which  the  anastomotic  branches  find  themselves  at  the  time  of 
ligature.  When  a  rupture  of  the  popliteal  artery  has  led  to  the 
effusion  of  a  large  amount  of  blood  in  the  popliteal  space  and  the 
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formation  of  a  so-called  diffuse  traumatic  aneurysm,  the  pressure 
exerted  by  the  effused  blood  is  so  great,  that  the  anastomotic 
branches  about  the  knee  are  occluded,  and  the  femoral  artery  in 
Hunter's  canal  becomes  terminal  so  far  as  the  leg  is  concerned. 
Ligature  of  the  artery  in  that  position,  therefore,  is  certain  to  be 
followed  by  necrosis  or  gangrene  of  the  leg,  and  has  been  aban- 
doned as  treatment  for  this  kind  of  popliteal  aneurysm.  In  the 
case  of  an  ordinary  saccular  aneurysm  of  the  popliteal  artery,  on 
the  other  hand,  the  same  operation  in  Hunter's  canal  may  be 
undertaken  with  good  hopes  of  success,  so  far  as  maintenance  of 
the  nutrition  of  the  leg  is  concerned.  For  though  the  smallness 
of  the  anastomotic  branches,  and  the  amount  of  pressure  exerted 
upon  them  by  the  saccular  aneurysm,  are  sufficient  to  cause  the  leg 
and  foot,  after  ligature  of  the  femoral  artery,  to  become  pale  and 
cold,  in  the  majority  of  cases  this  condition  is  only  temporary. 
With  establishment  of  collateral  circulation,  due  to  enlargement  of 
the  anastomotic  branches,  the  leg  and  foot  return  to  their  normal 
state.  In  a  certain  number  of  cases,  however,  collateral  circu- 
lation is  not  established  with  sufficient  rapidity,  and  gangrene  of 
the  whole,  or  more  commonly  a  part,  of  the  foot  or  leg  ensues. 

The  reason  that  the  area  fed  by  an  occluded  but  anastomos- 
ing artery  is  still  supplied  with  blood  is  to  be  found  in  the 
conditions  which  that  occlusion  brings  about.  It  has  been  stated 
above  that  occlusion  of  a  tube  through  which  a  fluid  is  passing 
from  a  reservoir  causes  a  rise  in  pressure  on  the  proximal  side. 
Now  Nicolls  has  lately  re-investigated  experimentally  the  effect 
of  ligaturing  a  branch  of  a  main  vessel.  By  means  of  his 
measuring  tubes  Nicolls  showed  that  the  ligature  raises  the 
pressure  on  the  proximal  side  to  a  greater  degree  the  further  the 
ligatured  tube  is  from  the  reservoir,  and  that  the  increase  of 
pressure  shows  itself  throughout  the  system.1  But  not  only  does 
ligature  modify  the  pressure  in  the  system,  it  also  modifies  the 
velocity  of  flow,  and  in  different  directions,  according  as  the  main 
tube  in  the  neighbourhood  of  the  reservoir  or  the  nearest  branch 
above  the  obstruction  is  concerned.    In  the  main  tube  the 

1  It  is  this  rise  of  pressure  which  renders  the  operation  for  aneurysm,  in  which 
the  artery  is  ligatured  on  the  distal  side  of  the  sac,  so  eminently  unsatisfactory. 
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velocity  of  flow  is  diminished,  but  in  the  nearest  branch  above 
the  obstruction  it  is  increased.1  This  experiment  indicates,  there- 
fore, that  in  occlusion  of  a  branch  of  such  an  artery  as  the  superior 
or  inferior  mesenteric,  the  pressure  in  the  whole  arterial  system 
is  raised,  and  the  velocity  of  blood-flow  in  the  first  branch  above 
the  seat  of  occlusion  is  enormously  increased,  and,  therefore,  that 
this  vessel  is  par  excellence  the  one  into  which  blood  coming  from 
above  will  pass.  The  facts  that  on  the  distal  side  of  the  occlu- 
sion the  pressure  is  momentarily  diminished,  and  that  the  branch 
above  the  obstruction  communicates  freely  with  collateral 
branches  coming  off  from  the  occluded  vessel  below  the  obstruc- 
tion, further  assist  the  maintenance  of  the  circulation  in  the  part. 
Between  the  obstruction,  however,  and  the  first  branch  on  the 
proximal  side  and  the  first  branch  on  the  distal  side  the  blood  is 
at  rest  though  under  great  pressure.  It  is  hardly  necessary  to 
remark  that  the  increase  of  mean  blood-pressure  caused  by  the 
ligature  is  rapidly  readjusted  by  vaso-motor  changes,  or  that  while 
it  lasts  it  induces  increased  force  of  ventricular  systole. 

Summary. — The  effects,  therefore,  of  complete  obstruction  of 
an  artery  upon  the  tissues  which  that  artery  supplies  are  of  four 
kinds :  1,  the  collateral  circulation  is  free  and  the  nutrition  of  the 
tissues  is  unaltered ;  2,  the  collateral  circulation  is  poor  and  the 
nutrition  of  the  tissues  suffers ;  if  a  sufficient  collateral  circula- 
tion becomes  established,  the  nutrition  returns  to  normal,  but 
if,  on  the  other  hand,  a  sufficient  collateral  circulation  does 
not  become  established,  the  tissues  finally  undergo  gangrene  or 
necrosis ;  3,  the  artery  is  terminal,  local  anaemia  is  complete,  and 
bloodless  necrosis  ensues ;  4,  the  artery  is  terminal,  but  regurgita- 
tion of  blood  from  neighbouring  capillaries  or  veins  leads  to  the 
formation  of  a  hemorrhagic  infarct. 

(iii.)  Causes  of  Ischsemia. — (1)  Embolism. — Such  effects  as 
have  been  described  above  may  be  brought  about  by  a  variety 
of  causes,  the  most  common  of  which  during  life  are  embolism 
and  thrombosis.  Embolism  occurs  when  some  substance  formed 
elsewhere  is  transported  by  the  blood-stream  and  lodged  in  an 
artery.    As  a  rule,  an  embolus  is  arrested  at  a  point  where  the 

1  In  the  particular  experiment  which  he  gives,  by  over  50  per  cent. 
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lumen  of  the  artery  becomes  narrowed  after  giving  off  a  branch 
of  more  or  less  considerable  size  ;  it  then  obstructs  either  the 
main  vessel  or  the  branch.  Sometimes,  however,  when  the  main 
vessel  bifurcates  into  two  vessels  of  equal  or  nearly  equal 
diameter,  as  at  the  bifurcation  of  the  abdominal  aorta,  the  em- 
bolus "  rides  "  on  the  bridge  between  the  two  branches  and  im- 
mediately, or  by  reason  of  subsequent  thrombosis,  occludes  both 
of  them.  A  consideration  of  the  circulation  shows  that  an 
embolus  of  a  systemic  artery  must  have  been  formed  either  in  a 
larger  systemic  artery  or  in  the  left  cavities  of  the  heart  or  in  the 
pulmonary  vein,  unless  it  be  so  small  as  to  have  passed  through 
the  pulmonary  capillaries,  when  it  might  have  been  formed 
anywhere  ;  usually  it  is  a  portion  of  a  vegetation  on  a  diseased 
cardiac  valve,  or  a  portion  of  a  thrombus  that  has  been  formed 
in  the  left  auricular  appendix.  An  embolism  of  the  pulmonary 
artery,  on  the  other  hand,  must  have  been  formed  either  in  the 
right  cavities  of  the  heart  or  in  the  systemic  veins ;  the  larger 
pulmonary  emboli  are  commonly  formed  as  thrombi  in  the 
uterine  sinuses  after  parturition,  the  smaller  pulmonary  emboli 
are  commonly  portions  of  thrombi  formed  in  the  right  auricular 
appendix.  An  embolism  of  the  portal  vein  must  have  been 
formed  in  the  portal  tributaries. 

Pulmonary  Embolism  and  Infarction. — Certain  points  con- 
nected with  pulmonary  embolism  and  infarction  call  for  special 
discussion. 

When  a  large  embolus  obstructs  the  pulmonary  artery  or  any 
branch  of  the  first  or  second  magnitude,  the  symptoms  produced 
are  very  severe,  and  the  case  frequently  ends  fatally  in  a  few 
minutes.  The  effects  of  such  an  embolism  are,  of  course,  the  same 
as  those  which  would  be  produced  by  ligature  of  the  same  artery. 
Ligature  of  such  a  branch  can  be  easily  carried  out  in  the  lower 
animals,  and  it  is  certain  from  analogy  that  pulmonary  embolism, 
when  so  large  a  branch  as  those  we  are  considering  is  involved, 
leads  to  an  enormous  rise  of  blood -pressure  in  the  systemic  veins, 
acute  distension  and  dilatation  of  the  right  ventricle,  and  a  rapid 
fall  in  aortic  blood-pressure  due  to  diminution  in  the  output  of 
the  left  ventricle.    These  conditions  readily  explain  the  pain, 
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agonising  dyspnoea,  cyanosis,  and  rapid,  quickly-f  ailing  pulse  that 
clinically  characterise  a  case  of  "  pulmonary  embolism." 

But  an  embolus  is  not  generally  of  sufficient  size  to  obstruct  a 
branch  of  the  first  order,  and,  as  we  have  already  seen,  the  blood 
may  be  cut  off  from  a  very  considerable  portion  of  the  pulmonary 
vascular  area  by  ligature  of  vessels,  without  the  production  of 
greater  results  than  a  small  rise  in  pulmonary  blood- pressure. 
Smaller  emboli,  therefore,  such  as  those  which  are  dislodged  from 
thrombi  formed  in  the  right  auricular  appendix  during  the  later 
stages  of  mitral  regurgitation,  do  not  lead  to  any  circulatory  dis- 
turbances of  importance.  Nevertheless,  they  are  not  without  their 
effects,  for  the  branches  of  the  pulmonary  artery  are  terminal, 
though  perhaps  in  a  modified  sense. 

Embolism  of  a  small  branch  of  the  pulmonary  artery  differs 
from  embolism  of  a  terminal  artery,  such  as  a  lenticulo-striate 
branch  of  the  middle  cerebral  artery  or  a  branch  of  the  renal 
artery,  in  two  important  respects:  1,  it  never  leads  to  a  blood- 
less or  almost  bloodless  necrosis ;  2,  in  some  cases,  experimental 
as  well  as  clinical,  an  embolism  may  be  found,  in  front  of  which 
the  tissues  have  undergone  no  recognisable  modification.  With 
regard  to  the  first  point,  it  is  clear,  bearing  in  mind  the  copious 
supply  of  the  lung  with  wide  capillaries,  that  the  formation  of  a 
bloodless  necrosis  should  not  be  expected,  but,  on  the  other  hand, 
the  formation  of  an  infarct.  Moreover,  partly  by  reason  of  the 
freedom  of  capillary  anastomosis,  partly  from  the  excessive  dis- 
tension of  the  ill-nourished  capillary  walls,  and  partly  from  the 
increased  pulmonary  pressure,  especially  on  the  venous  side, 
obtaining  in  mitral  regurgitation,  one  would  expect  the  regurgita- 
tion from  the  neighbouring  capillaries  and  veins  into  the  conical 
mass  of  tissue  normally  supplied  by  the  obstructed  artery  to  be 
greater  than  under  similar  conditions  elsewhere  in  the  body.  And, 
actually,  in  the  lung  conical  masses  of  tissue  are  to  be  found  under 
certain  conditions  which  are  exquisitely  "  hsemorrhagic  infarcts." 
But  that  these  conical  masses  of  tissue  engorged  with  blood  are  "in- 
farcts," in  the  same  sense  as  the  conical  mass  of  altered  tissue  found 
after  an  embolus  has  lodged  in  one  of  the  branches  of  the  renal  or 
splenic  arterioles  is  an  infarct,  is  a  matter  which  is  open  to  dispute. 


PULMONARY  INFARCT  AND  APOPLEXY. 


Ill 


In  the  first  place,  the  possibility  of  embolism  without  the 
occurrence  of  circulatory  or  nutritive  disturbance  in  the  tissue 
supplied  by  the  obstructed  pulmonary  artery  constitutes  a  diffi- 
culty. It  has  been  shown  by  Litten  amongst  others  that  the 
branches  of  the  pulmonary  artery,  though  they  are  terminal  as 
regards  other  branches  of  the  same  artery,  nevertheless  form 
good  anastomoses  with  the  bronchial,  pericardial,  and  mediastinal 
arteries  which  are  not  of  pulmonary  but  of  aortic  origin.  He 
showed  that  these  systemic  arteries  could  well  maintain  the 
nutrition  of  parts  whose  blood  supply  had  been  cut  off  by 
embolism  of  their  particular  branch  of  the  pulmonary  artery. 
Though  Litten  did  not  deny  the  embolic  origin  of  hemorrhagic 
infarct  in  the  lung,  but  only  differed  from  Cohnheim  in  regarding 
the  systemic  arteries  mentioned  as  the  source  of  the  stagnant 
blood  in  the  infarct,  whereas  Cohnheim  regarded  it  as  being  due  to 
regurgitation  from  the  pulmonary  venules  and  capillaries  in  the 
neighbourhood,  it  is  obvious  that  the  possibility  of  embolism 
in  the  lung  without  infarction,  raises  the  doubt  whether  embolism 
and  the  conical  congested  masses  in  the  lung  commonly  known 
as  hemorrhagic  infarcts  stand  to  one  another  as  cause  and  effect. 

In  the  second  place,  Virchow  long  ago  pointed  out  that  the 
branch  of  the  pulmonary  artery  which  normally  supplies  the 
affected  tissue  is  only  in  a  small  proportion  of  clinical  cases 
found  to  contain  a  solid  occluding  mass.  And  even  in  those 
cases  in  which  such  a  mass  is  actually  found,  it  is  difficult,  if  not 
impossible,  to  decide  whether  the  occluding  mass  is  embolic  and 
the  cause,  or  thrombotic  and  the  result. 

In  the  third  place,  an  appearance  similar  in  every  respect  to  a 
"  hemorrhagic  infarct "  is  produced  in  the  condition  known  as 
"  pulmonary  apoplexy,"  in  which  rupture  of  a  small  blood-vessel 
takes  place  into  a  bronchiole  and  the  effused  blood  fills  the  alveoli 
with  which  the  bronchiole  is  in  connection.  It  might  be  objected 
that  after  embolism  the  blood  which  forms  the  "  hemorrhagic 
infarct"  must  be  confined  principally  if  not  entirely  to  the 
capillaries,  whereas  in  pulmonary  apoplexy  the  blood  occupies 
a  space  normally  filled  with  air,  but  such  an  objection  cannot 
be  sustained  in  face  of  the  undoubted  fact  that  the  blood,  even  in 
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a  renal  infarct,  does  not  remain  confined  to  the  capillaries  but 
passes  through  their  disorganised  wall.  Macroscopically  and 
microscopically  the  appearances  of  a  pulmonary  apoplexy  are 
identical  with  the  appearances  that  might  be  expected  to  obtain 
(and  which,  it  is  allowed  by  those  authors  who  adhere  to  a  belief 
in  the  embolic  view,  actually  do  obtain)  if  a  portion  of  the  lung 
became  the  seat  of  infarction.  The  sole  exception  consists  in  the 
fact  that  in  the  latter  case  one  might  reasonably  expect  to  find  an 
occluding  plug  in  the  artery. 

For  these  reasons  it  is  maintained  by  some  authors,  amongst 
whom  Hamilton  in  this  country  and  Grawitz  in  Germany  may  be 
mentioned,  that  the  so-called  "  hemorrhagic  infarct "  has  no 
foundation  in  fact,  and  that  it  is  nothing  more  than  a  pulmonary 
apoplexy.  Grawitz  investigated  whether  infarctions  in  which 
occluding  plugs  could,  and  could  not,  be  found,  showed  differences 
in  structure,  but  though  he  examined  fifty  cases  he  was  unable  to 
discover  any  difference  whatever.  Experimentally  he  found  that 
no  infarction  as  described  either  by  Cohnheim  or  Litten  is  the 
result  of  occlusion  of  a  branch  of  the  pulmonary  artery,  that 
engorgement  arises  neither  from  veins  nor  from  collateral  arterial 
anastomoses,  and  that  the  "  infarction  "  in  the  lung  is  absolutely 
different  in  appearance  from  infarction  in  either  kidney  or  spleen. 
He  holds  that  the  process  begins  with  an  inflammatory  congestion 
and  new-formation  of  minute  vessels  in  the  walls  of  the  bron- 
chioles; these  vessels,  by  reason  of  the  exudation  which  they 
pour  out  in  the  ordinary  course  of  inflammation,  induce  cough, 
whereby  the  inflammatory  process  is  kept  up  and  the  vessels  are 
ruptured,  pouring  the  blood  into  the  alveoli ;  a  vicious  circle  is 
thereby  induced  and  the  "hemorrhagic  infarction"  increases  in  size. 
Even  in  those  cases  in  which  the  branch  of  the  pulmonary  artery 
is  found  to  be  occluded,  he  denies  that  the  plug  is  embolic  or  the 
cause  of  the  condition,  for  he  found  that  occasionally  the  newly- 
formed  blood-vessels  in  the  wall  of  the  bronchiole  do  not  rupture 
into  the  lumen  of  the  bronchiole  but  into  the  loose  connective 
tissue  that  lies  between  the  bronchiole  and  the  corresponding 
branch  of  the  pulmonary  artery.  The  effused  blood  then  forms 
a  hematoma,  which  projects  into  and  partially  occludes  the 


PULMONARY  INFARCT  AND  APOPLEXY. 


113 


blood-vessel.  This  projection,  together  with  the  fibrin  which  is 
deposited  on  it  from  the  blood  in  the  manner  shortly  to  be 
described,  at  length  completely  occludes  the  vessel,  and  at  the 
autopsy  is  mistaken  for  an  embolus. 

The  matter  is  therefore  uncertain,  but  I  think  that  a  solution 
of  the  question  is  aided  by  the  fact  that  if  microscopic  sections 
be  stained  appropriately,  in  some  cases  micrococci  are  found  at 
the  centre  or  near  the  apex  of  the  wedge-shaped  area  which  is 
yielded  by  the  section  of  the  cone.  It  is  known  that  in  ulcera- 
tive endocarditis  portions  of  microbe-bearing  vegetations  are 
frequently  carried  to  the  spleen  and  kidney,  and  there  form 
infarcts  in  which  at  the  centre  or  apex  the  existence  of  bacteria 
may  be  microscopically  demonstrated.  Now  the  cases  in  which 
micro-organisms  are  found  in  the  conical  masses  of  lung  tissue 
under  discussion  are  especially  those  in  which  some  bacterial 
process,  usually  of  a  thrombotic  and  suppurative  type,  is  going  on 
in  one  or  other  of  the  systemic  veins,  and  the  inference  is  that 
the  pulmonary  changes  in  such  cases  own  a  common  pathology 
with  the  renal  and  splenic  changes  in  cases  of  ulcerative  endo- 
carditis. We  may,  therefore,  provisionally  conclude  that,  where 
micro-organisms  are  demonstrable,  we  certainly  have  to  do  with 
embolism  and  true  hemorrhagic  infarction.  Where  no  micro- 
organisms are  demonstrable,  it  is  uncertain  whether  the  case  is 
one  of  true  infarction  or  one  of  pulmonary  apoplexy.  But  if  the 
foregoing  provisional  conclusion  be  accepted,  the  probability  is 
increased  that  at  all  events  some  of  the  aseptic  conical  masses 
in  the  lung  are  true  infarcts,  especially  as,  in  the  diseases  in 
which  they  occur,  the  right  auricle  usually  contains  an  abun- 
dance of  thrombus  from  which  portions  might  be  broken  off. 

(2)  Thrombosis. — Thrombosis  consists  in  the  separation  of 
fibrin  from  the  blood,  and  is  dependent  upon  the  same  causes  as 
those  which  lead  to  coagulation.  Apart  from  alterations  in  the 
constitution  of  the  blood  modifying  the  rapidity  with  which  coagu- 
lation takes  place  (and  these  will  be  considered  later),  fibrin  is 
deposited  upon  the  wall  of  the  heart  or  of  a  blood-vessel  whenever 
the  nutrition  of  the  endothelium  covering  that  wall  is  impaired.  In 
the  case  of  blood-vessels  such  a  condition  is  obviously  induced  by  a 
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ligature  which  severs  the  intima  in  its  whole  circumference  at  one 
point,  by  atheroma  except  in  its  earliest  stages,  and  by  inflammation. 

But  in  addition  to  these  more  obvious  changes  affecting  the 
endothelium,  the  nutrition  of  the  endothelium  suffers,  and  fibrin 
is  deposited,  whenever  the  velocity  with  which  blood  passes 
through  the  heart  or  vessels  is  greatly  diminished  for  any  length 
of  time.  This  depends  upon  the  fact  that  the  intima,  including 
the  endothelial  cells,  unlike  the  rest  of  the  vessel  wall,  derives 
its  nutriment  from  the  blood  in  the  lumen  of  the  vessel,  and  not 
from  that  conveyed  by  vasa  vasorum.  In  most  cases  such  a 
diminution  in  velocity  of  blood-flow  is  the  proximate  cause 
of  the  thrombosis.  Thus,  in  the  heart  the  circulation  is 
slowest  in  the  appendices  auriculae,  behind  the  flaps  of  the 
auriculo-ventricular  valves,  and  between  the  columnse  carnese. 
Normally,  it  is  rapid  enough  even  here  to  maintain  the  nutrition 
of  the  cardiac  endothelium,  but  when  old  age  or  wasting  disease 
or  any  lesion  of  the  valves  has  impaired  the  musculature  of  the 
heart,  and  it  is  no  longer  able  to  maintain  the  circulation  at  its 
normal  velocity,  the  endothelium  in  these  situations  suffers  first, 
and  to  the  greatest  extent,  and  it  is  just  in  these  situations  that 
thrombi  are  found.  For  the  same  reason  thrombosis  more 
commonly  occurs  in  veins1  than  in  arteries.  So  also  absence 
of  endothelium  and  diminution  in  velocity  of  blood-flow  account 
for  the  deposit  of  fibrin  upon  the  wall  of  an  aneurysm. 

But  diminution  in  the  velocity  of  blood-flow  through  the 
arteries  is  not  only  the  result  of  changes  which  impair  the 
musculature  of  the  heart,  it  is  also  caused  by  diminution  in  the 
calibre  of  the  arteries  themselves.  Hence,  it  is  clear  that 
thrombosis  will  most  readily  occur  in  arteries  when  both  factors, 
cardiac  and  vascular,  are  in  operation  together.  This  obtains 
typically  when  extensive  arteritis  deformans  is  present,  for  it 
has  already  been  shown  that  the  heart  in  such  cases  is  weak, 
dilated  and  flabby,  and  the  arterial  condition  is  one  of  extreme 
stenosis.    The  effects,  too,  of  thrombosis  in  such  cases  are  pro- 

1  Another  reason  for  the  frequency  of  venous  thrombosis  lies  in  the  thinness  of 
the  wall  of  veins,  which  allows  them  more  easily  to  transmit  to  their  endothelium 
any  inflammatory  process  going  on  in  their  neighbourhood,  whether  it  be  in  the 
sheath  of  the  vessels  or  in  lymphatics  or  in  surrounding  tissues  of  other  kind. 
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portionately  great.  For  the  pathological  importance  of  occlud- 
ing an  artery  depends  entirely  upon  the  number  and  size  of  the 
collateral  branches,  and  since  in  arteritis  deformans  the  collateral 
branches  are  not  only  smaller  than  the  thrombosed  artery,  but 
are  themselves  also  affected  by  the  calcareous  and  cardiac  changes, 
it  follows  that  the  establishment  of  a  sufficient  collateral  circula- 
tion is  highly  improbable,  and  that  the  thrombosed  artery,  so  far 
as  the  nutrition  of  the  parts  below  is  concerned,  must  be  regarded 
as  terminal.  And  the  clinical  aspect  corroborates  this  view, 
for  the  parts  below  become  bloodless  and  undergo  gangrene. 
Gangrene  thus  induced  may  involve  a  small  or  a  large  area, 
but  the  area  involved  corresponds  accurately  to  the  field  supplied 
normally  by  the  artery  and  its  branches,  up  to  and  including  the 
seat  of  thrombosis. 

Besides  accompanying  arteritis  deformans,  thrombosis  of  arteries 
is  also  frequently  dependent  upon  the  syphilitic  change  known 
as  "endarteritis  obliterans."  In  this  condition  changes  take 
place  in  the  intima  of  the  small  arteries,  especially  those  of  the 
brain,  which  lead  to  localised  stenoses  of  the  vessels.  The 
syphilitic  change  does  not  of  itself  actually  occlude  the  lumen, 
and  to  this  extent  its  name  is  misleading;  the  final  occlusion 
is  due  to  thrombosis  of  the  ordinary  kind. 

Arterio-sclerosis,  when  unaccompanied  by  the  atheromatous 
and  calcareous  changes  which  not  infrequently  supervene  later,  is 
not  a  common  cause  of  thrombosis,  though  the  narrowing  in 
calibre  of  the  small  arteries,  which  characterises  the  condition, 
must  tend  towards  producing  a  diminution  in  velocity  of  blood- 
flow  in  the  stenosed  arteries.  This  absence  of  thrombosis,  no 
doubt,  depends  upon  the  fact  that  the  heart  is  hypertrophied  in 
arterio-sclerosis,  and  that  the  tendency  towards  retardation  at  the 
distal  end  of  the  arterial  system  is  counterbalanced  by  an  increase 
in  velocity  imparted  at  the  proximal  end. 

(3)  Other  Causes  of  Ischcemia.  —  Besides  embolism,  throm- 
bosis and  similar  conditions,  such  as  ligature  and  pressure 
from  without  by  tumours,  etc.,  other  causes  may  lead  to  a  diminu- 
tion of  the  calibre  of  arteries.  Some  of  these  seem  to  act  locally, 
others  by  way  of  the  vaso-motor  centre  in  the  medulla  oblongata. 
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Among  the  former  may  be  mentioned  cold,  and  such  drugs  as 
digitalis,  ergot,1  hamamelis,  acetate  of  lead;  among  the  latter, 
mental  causes,  such  as  fear,  and  perhaps  such  a  drug  as  strychnine. 

In  this  connection  the  morbid  conditions  known  as  ergotism, 
pellagra,  and  Kaynaud's  disease  are  of  importance. 

Ergotism  is  produced  by  the  consumption  of  rye  that  has  be- 
come infected  by  the  fungus  Claviceps  purpurea,  and  the  vascular 
symptoms,  with  which  alone  we  are  concerned,  are  brought  about 
by  the  marked  constriction  of  the  muscular  coat  of  small  arteries 
throughout  the  body,  which  the  essential  constituent  of  ergot 
induces.  The  constriction  is  so  great,  and  affects  the  small 
arteries  so  generally,  that  collateral  circulation  is  greatly  im- 
peded if  not  completely  cut  off,  and  the  parts  supplied  by  the 
smaller  arteries  frequently  undergo  a  gangrene,  which  in  all  its 
characters  resembles  the  senile  gangrene  that  is  associated  with 
arteritis  deformans. 

Pellagra,  a  disease  which  occurs  in  Italy,  Eoumania,  the  south 
of  France,  and  in  Spain,  and  is  due  to  the  consumption  of  certain 
kinds  of  maize,  is  not  so  obviously  associated  with  vascular  changes 
as  ergotism,  and  the  symptoms  are  more  exclusively  of  a  nervous 
type.  But  since,  in  pellagra,  cuticular  disorders,  consisting  in  red- 
ness (pellagral  erythema),  desiccation,  exfoliation  of  epidermis, 
suppuration  and  other  inflammatory  or  sub-inflammatory  con- 
ditions, accompanied  by  local  death  of  the  skin,  are  amongst  the 
most  prominent  symptoms,  it  is  reasonable  to  suppose  that 
vascular  changes  are  produced  by  the  abnormal  chemical  con- 
stituent in  the  maize,  and  that  at  some  time  or  other  those 
vascular  changes  consisted  in  arterial  constriction.  That  this  is 
the  case,  however,  cannot  be  absolutely  affirmed.  The  actual 
substance  that  causes  pellagra  is  not  known.  The  kinds  of 
maize  which  induce  it  are  infected  by  the  fungus  Beticularia 
ustilago.  But  as  pellagra  only  occurs  along  with  consumption  of 
infected  maize,  and  not  with  consumption  of  other  kinds  of  grain 
attacked  by  the  same  fungus,  the  question  is  more  complicated 
than  appears  at  first  sight. 

1  Since  ergotism  is  accompanied  by  nervous  symptoms  it  is  possible  that  ergot 
acts  on  the  blood-vessels  also  by  way  of  the  vaso-motor  centre. 
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Raynaud's  disease  is  seen  in  three  grades  of  intensity  according 
to  the  degree  to  which  the  parts  supplied  by  the  constricted  artery 
are  affected ;  these  are  known  as  local  syncope,  local  asphyxia, 
and  local  or  symmetrical  gangrene.  The  appearances  met  with  in 
this  disease  are  all  direct  or  indirect  results  of  arterial  constriction  ; 
in  local  syncope  one  or  more  fingers  or  toes  may  become  completely 
anaemic,  leading  to  the  condition  known  as  "  dead  finger  "  or  "  dead 
toe,"  and  if  this  condition  persists  for  any  length  of  time  it  is 
followed  by  either  an  intense  cyanosis  or  a  gangrene.  These 
changes  are  exactly  similar  to  those  which  may  be  experimentally 
produced  in  the  ear  of  a  rabbit  by  tying  a  ligature  tightly  round 
the  root  and  thus  cutting  off  temporarily  its  blood  supply.  A 
curious  point  about  Raynaud's  disease  is  that  it  is  characterised  by  a 
more  or  less  complete  symmetry.  It  usually  affects  parts  whose 
circulation  is  carried  out  by  small  vessels,  such  as  fingers,  toes,  tips 
of  ears ;  whether  it  also  affects  the  small  arteries  of  internal  organs, 
e.g.,  the  kidney,  is  uncertain.  The  ultimate  cause  of  the  condition 
is  quite  unknown,  but  the  facts  that  the  local  changes  are  entirely 
due  to  contraction  of  the  arterioles,  which  after  a  time  may  pass 
off,  that  it  occurs  in  different  parts  of  the  body,  and  that  in  some 
cases  the  nerves  of  the  limbs  have  been  found  affected  by  inflam- 
matory changes  (peripheral  neuritis),  seem  to  indicate  that  the 
cause  of  the  diminution  in  calibre  of  the  arteries  is  nervous.  But 
whether  the  constriction  is  due  to  efferent  impulses  descending 
from  the  medulla  oblongata  or  to  action  of  a  blood  whose  consti- 
tution is  altered  upon  the  local  mechanism,  it  is  impossible  to 
say.1  Ehlers,  indeed,  questions  whether  Raynaud's  disease  is  not 
in  reality  ergotism. 

(iv.)  Effects  of  Temporary  Ischaemia. — The  modifications 

1  Bervcets  (Nederl.  Tijdschr.,  1894,  p.  225)  found  experimentally  that  extir- 
pation of  the  sciatic  nerve  causes  in  the  posterior  tibial  artery  atrophy  and 
degeneration  of  the  nuclei  of  the  muscular  coat  in  its  outer  part,  swelling  and  new 
formation  of  nuclei  in  those  muscle-cells  nearer  the  lumen  of  the  vessel.  The 
changes  are  progressive.  Section  of  the  nerve,  therefore,  is  followed  by  a  progres- 
sive new  formation  of  muscle-cells ;  this  may  or  may  not  break  through  the 
elastic  lamina.  This  modification  of  the  media  may  explain  why  the  contraction 
of  arterioles  in  Raynaud's  disease  leads  to  more  serious  results  than  contraction 
of  normal  vessels,  and  why  the  various  kinds  of  necrosis  occur  more  commonly 
after  "  intoxication-diseases,"  which  are  apt  to  bring  peripheral  neuritis  in  their 
train,  and  which  impair  nutrition  of  the  tissues. 


118  THE  PATHOLOGY  OF  THE  BLOOD-VESSELS. 


of  tissue  that  we  have  hitherto  considered  are  brought  about  if 
the  obstruction  to  the  artery  is  complete  and  definitive,  or  at  all 
events  if  it  acts  for  a  length  of  time  which  varies  according  to 
the  nature  and  vitality  of  the  tissue  which  is  affected,  but  which 
in  any  case  extends  to  several  hours.  But  under  certain  condi- 
tions the  obstruction  is  removed  before  it  has  existed  for  a  sufficient 
length  of  time  to  produce  in  the  tissues  the  complete  changes 
which  it  would  have  produced  had  it  not  been  removed.  That 
the  results  of  obstruction  under  these  circumstances  may  be  very 
different  is  indicated  by  the  fact  to  which  reference  has  been  made 
above,  that  in  Eaynaud's  disease  the  tissues  may  suffer  in  three 
different  degrees — anaemia,  congestion,  and  gangrene.  We  have 
already  seen  that  blood  may  enter  a  mass  of  tissue  whose  blood 
supply  has  been  cut  off  and  cause  infarction,  but  it  reaches  the 
part  by  circuitous  routes :  the  conditions  we  are  about  to  discuss 
occur  when  the  blood  again  reaches  the  part  by  the  normal  route. 
It  may  readily  be  inferred  from  the  nature  of  the  causes  which 
lead  to  complete  occlusion  that  this  removal  of  the  obstruction 
is  rare  ;  an  embolus,  thrombus,  or  tumour  is  not  removed  within 
a  few  hours  of  its  commencement  to  occlude  an  artery.  Hence 
the  results  to  be  described  occur  only  in  special  cases. 

If  a  ligature  have  been  placed  round  a  terminal  artery,  or  for 
surgical  purposes  a  bandage  placed  round  the  arm  or  leg,  if  a  tight 
ring  have  been  slipped  over  the  finger  or  penis,  if  cold,  as  in  frost 
bite,  or  nervous  causes,  as  in  Eaynaud's  disease,  have  arrested  the 
circulation  through  a  part  by  producing,  in  one  way  or  another, 
cessation  of  arterial  flow,  the  cause  of  obstruction  may  be  removed 
at  some  variable  time  after  it  commenced  to  act.  Now,  one  point 
is  clear  at  the  outset,  and  it  is  that  collateral  circulation  in 
all  the  examples  given  is  an  impossibility  during  the  period  of 
obstruction,  and  therefore  during  that  period  the  part  distal  to 
the  obstruction  suffers  in  the  same  way  and  to  the  same  degree  as 
it  would  have  suffered  had  it  been  supplied  by  a  terminal  artery. 

The  results  observed  in  such  cases  depend  upon  the  vitality  of 
the  tissue  and  the  time  that  elapses  between  the  application  and 
the  removal  of  the  obstructing  cause.  Thus,  in  the  dog,  anaemia 
of  the  kidney  produced  by  experimental  occlusion  of  the  renal 


CHANGES  FOLLOWING  TEMPORARY  ISCHEMIA.  119 


artery,  and  maintained  for  an  hour,  is  followed  on  removal  of 
the  obstruction  by  anatomical  and  physiological  changes  far  ex- 
ceeding those  which  follow  when  anaemia  involves  the  hind  leg 
for  the  same  length  of  time.  But  in  the  leg  itself,  though  removal 
of  an  elastic  bandage  with  which  complete  anaemia  has  been  pro- 
duced, one  hour  after  its  application,  is  followed  by  no  ill  effects, 
if  the  removal  be  delayed  until  4-5  hours  have  elapsed  from  the 
time  of  application,  the  tissues  of  the  limb  with  certainty  under- 
go profound  nutritive  changes,  and  these  changes  may  end  in 
gangrene  of  the  whole  member. 

The  more  profound  changes  which  occur  in  the  tissues  after  the 
release  of  an  artery  when  it  has  not  been  obstructed  sufficiently 
long  to  cause  death  of  the  part,  depend  upon  two  causes.  In  the 
first  place,  it  is  a  fundamental  law  of  physiology  that  anaemia  is 
followed  by  congestion,  and  the  cases  before  us  form  no  exceptions 
to  the  rule.  The  manner  in  which  this  congestion  is  brought 
about  is  considered  elsewhere,  but  there  is  no  doubt  that  it  is 
accompanied  by  dilatation  of  the  artery  and  its  branches,  and  by 
increased  exudation  from  the  capillaries  and  veins.  In  the  second 
place,  as  the  result  of  prolonged  anaemia,  the  nutrition  of  the 
vessel  wall  suffers,  so  that  along  with  the  onset  of  congestion, 
diapedesis  of  red  blood-corpuscles  or  actual  rupture  and  extra- 
vasation of  blood  occurs. 

The  interaction  of  these  two  factors  leads  to  an  accumulation  of 
exudation  and  red  blood-corpuscles  in  the  inter- capillary  spaces 
which  raises  the  inter-capillary  pressure,  and  this,  aided  by  altera- 
tion of  the  capillary  wall  itself,  interposes  an  abnormal  resistance 
in  the  way  of  the  capillary  circulation.  Consequently,  the  blood 
travels  more  slowly  through  the  tissues,  gives  up  a  greater  amount 
of  oxygen  than  normal  in  its  transit  through  the  capillaries,  and 
becomes  intensely  venous.  If  the  exuded  fluid  and  corpuscles  are 
limited  in  amount,  they  are  removed  in  course  of  time,  and  the 
part  returns  to  its  normal  condition.  But  if  they  are  excessive 
in  amount,  the  pressure  which  they  exert  finally  obliterates  the 
circulation  through  the  part,  and  it  passes  into  a  condition  of 
moist  gangrene. 

If  the  cause  of  obstruction  be  not  removed  till  two  or  three 
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days  have  elapsed  from  the  time  when  it  produced  complete  cessa- 
tion of  arterial  flow,  removal  of  the  obstruction  leads  to  no  further 
alterations.  For  the  tissues  on  the  distal  side  of  the  obstruction 
are  already  dead  and  blood  does  not  enter  them  at  all,  or  only 
penetrates  for  a  short  distance.  The  actual  changes  seen  in  the 
part  are  therefore  independent  of  removal  of  the  obstruction,  and 
vary  according  to  the  circumstances  under  which  complete  cessa- 
tion of  arterial  flow  was  brought  about.  In  particular,  they  vary 
according  to  whether  the  cessation  of  arterial  flow  was  brought 
about  directly,  or  indirectly  by  way  of  venous  congestion.  We 
shall  return  to  this  subject  when  considering  gangrene. 

A  beautiful  clinical  example  of  the  effects  which  temporary 
arterial  obstruction  may  produce  upon  a  part  is  offered  by 
Eaynaud's  disease.  While  the  obstruction  lasts  the  part  is 
bloodless,  pale,  and  cold  (local  syncope).  With  removal  of  the 
obstruction  by  relaxation  of  the  arterial  spasm,  and  as  a  result  of 
the  arterial  congestion  which  necessarily  follows  on  the  anteced- 
ent anaemia,  the  part  becomes  red,  hot,  and  somewhat  swollen ; 
later,  along  with  increase  of  the  swelling  the  part  may  become 
cold  and  cyanosed  (local  asphyxia).  If  moderate,  local  asphyxia 
may  disappear,  and  then  the  part  returns  to  its  normal  condition, 
but  if  the  exudation,  which  is  the  essential  cause  of  local  asphyxia, 
exceed  a  certain  amount,  death  of  the  part  supervenes  (local 
gangrene). 

(v.)  Septic  and  Aseptic  Obstruction  of  Blood-vessels. 

— The  ultimate  changes  which  the  tissues  undergo  as  the  result 
of  an  obstruction  to  their  supply  of  blood,  depend  not  only  upon 
the  conditions  that  have  already  been  discussed,  but  also  upon 
whether  those  changes  take  place  in  the  presence  or  in  the 
absence  of  pathogenetic  micro-organisms — in  other  words,  whether 
they  are  septic  or  aseptic.1 

If  the  cause  of  obstruction  is  aseptic,  then  the  results  are 
aseptic,  and  such  as  have  been  given.    The  tissue  that  dies  in  the 

1  The  special  case  in  which  an  embolus  consists  of  a  portion  of  a  malignant 
tumour  will  be  discussed  in  Chapter  XII.  The  physical  constitution  of  an 
embolus,  whether  it  be  solid,  such  as  fibrin  or  solid  paraffin,  liquid,  such  as  fat, 
or  gaseous,  such  as  air,  really  modifies  in  no  essential  point  the  effects  of  embolism 
upon  the  tissues. 
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case  of  obstruction  of  a  terminal  artery  undergoes  degenerative 
changes,  which  end  in  the  formation  of  a  denser  or  softer  in- 
nocuous mass  containing  numerous  fat  globules  and  more  or  less 
blood-pigment.  This  mass,  according  to  its  size,  position,  and  con- 
sistency, may  either  remain  unaltered,  or  be  absorbed,  or  become 
surrounded  by  a  capsule  of  fibrous  tissue,  or  be  replaced  by  fibrous 
tissue,  or  undergo  subsequent  putrefactive  changes  (gangrene)  and 
be  cast  off. 

But  if  the  cause  of  obstruction  to  an  artery  be  septic,  the 
matter  is  different,  for  not  only  are  the  mechanical  and  degenera- 
tive effects  of  simple  obstruction  produced,  but  over  and  above 
them  there  supervene  other  changes  due  to  the  action  of  patho- 
genetic micro-organisms  upon  the  wall  of  the  artery.  These 
arterial  changes  in  their  turn  involve  surrounding  parts,  and 
tissues,  other  than  those  which  were  primarily  deprived  of  blood, 
suffer.  How  different  the  results  are  with  septic  and  aseptic 
obstruction  is  shown  by  the  fact  that,  whereas  aseptic  occlusion 
of  a  freely  anastomosing  artery  is  without  effect  upon  the  nutri- 
tion either  of  neighbouring  parts  or  of  those  parts  supplied  by 
the  obstructed  vessel,  septic  occlusion  of  the  same  artery,  on  the 
contrary,  is  always  followed  by  more  or  less  marked  pathological 
changes  of  the  parts  immediately  surrounding  the  seat  of  occlusion. 
These  latter,  by  impeding  the  collateral  circulation,  may  ultimately 
involve  in  destruction  a  far  greater  mass  of  tissue  than  would  have 
been  destroyed  had  the  obstruction  been  aseptic  and  the  occluded 
vessel  terminal.  Mutatis  mutandis,  the  same  is  true  in  the  case 
of  septic  and  aseptic  obstruction  of  veins. 

All  these  pathological  terminations  of  obstruction,  however 
unlike  one  another  at  the  first  glance,  with  the  sole  exception  of 
that  one  in  which  the  disorganised  cone  of  tissue  remains  unaltered 
and  unabsorbed,  are  brought  about  through  the  medium  of  processes 
which  are  inflammatory  or  are  frequently  seen  in  inflammation, 
and  the  manner  in  which  they  are  brought  about  will  be  left 
for  discussion  along  with  that  subject. 

V.  Local  Hyperemia  or  Congestion. — Local  hyperemia 
or  congestion  may  be  dependent  upon  either  an  increased  supply 
of  blood  to  a  part  or  a  diminished  removal  of  blood  from  a  part. 
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It  may  therefore  be  brought  about  by  dilatation  of  arteries  or  by 
obstruction  of  veins.  The  forms  of  congestion  thus  induced  are 
so  different  that  they  must  be  discussed  separately. 

A.  Arterial  Congestion. — Arterial  congestion  is  due  either 
to  active  nervous  influence  or  to  removal  of  the  normal  tone  of 
the  smaller  arteries  by  paralysis  of  their  vaso-motor  mechanism. 
Hence  it  may  be  either  "  active  "  or  "  paralytic." 

Active  congestion  may  be  brought  about  through  the  medium 
of  the  central  nervous  system ;  examples  of  this  variety  occur  in 
salivation  and  sweating  due  to  mental  emotions,  and  possibly 
also  in  "  blushing."  More  commonly,  however,  it  is  caused  by 
the  direct  action  of  some  stimulus  upon  the  peripheral  nervous 
mechanism,  as  in  the  case  of  the  arterial  dilatation  brought 
about  by  the  application  of  gentle  heat. 

Uncomplicated  active  congestion  is  but  rarely  met  with  in 
pathology ;  it  occurs  in  the  remaining  organ  when  one  of  a  pair 
has  been  removed  or  from  any  cause  has  become  f unctionless ; 
it  occurs  where  hypertrophy  is  taking  place ;  perhaps  it  occurs 
when  the  vessels  forming  a  collateral  circulation  dilate  after 
occlusion  of  the  main  vessel.  But  even  in  these  cases  it  is  more 
justly  spoken  of  as  physiological  than  as  pathological.  It  is  not 
until  we  have  passed  the  indefinable  line  separating  physiology 
from  pathology  that  active  congestion  is  frequently  met  with,  and 
then  it  is  not  uncomplicated,  but,  on  the  contrary,  invariably  com- 
plicated by  the  presence  of  some  one  or  other  of  the  processes  which 
go  to  make  up  the  complex  condition  known  as  "  inflammation." 

The  causes  of  paralytic  congestion  are  sometimes  very  obvious : 
the  spinal  cord  or  a  nerve  may  be  pressed  upon  by  a  tumour  or 
may  be  actually  divided  by  some  injury,  or  reflex  inhibition  of 
the  vaso-motor  centre  may  be  brought  about  by  stimulation 
either  of  a  large  number  of  afferent  nerves,  or  the  afferent  nerves 
of  an  important  organ  as  in  the  condition  known  as  "  shock." 
Paralytic  dilatation  of  arteries  is  also  induced  by  drugs  such  as 
the  inorganic  nitrites,  the  organic  nitrates  of  the  fatty  series, 
chloral,  amyl  nitrite,  nitroglycerine,  and  curare,  all  of  which 
act  peripherally  either  upon  the  muscular  coat  of  the  artery 
or  upon  the  local  nervous  mechanism  (curare)  or  upon  both. 
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It  is  also  produced  by  drugs  such  as  anaesthetics  and  narcotics, 
which  depress  the  vaso-motor  centre  along  with  the  rest  of 
the  brain  and  cord  and  therefore  may  be  said  to  act  centrally. 
Dilatation  of  this  kind  acts  from  within  the  vessel  and  through 
the  blood,  it  is  therefore  general ;  for  a  dilatation  to  be  local,  the 
drug  must  either  act  from  without,  e.g.,  the  whole  class  of  rube- 
facients, or  if  acting  from  within,  it  must  have  a  special  selective 
action  upon  one  particular  part  or  organ.  An  example  of  the 
latter  class  is  afforded  by  cantharides,  which,  given  internally, 
produces  an  intense  congestion  of  the  kidney. 

Paralytic  arterial  congestion  must  be  kept  distinct  from  active 
arterial  congestion,  not  only  by  reason  of  the  difference  which 
obtains  in  their  modes  of  production  but  also  by  reason  of  the 
fact  that,  unlike  the  physiological  process  of  active  congestion, 
paralytic  arterial  congestion  is  essentially  pathological  and  has 
no  strict  counterpart  in  health.  Moreover,  the  effects  of  the  two 
kinds  of  arterial  hyperemia  are  different,  as  are  the  courses  which 
they  run.  Active  congestion  occurs  in  company  with  increased 
functional  activity  and  increased  metabolism,  paralytic  conges- 
tion occurs  along  with  diminished  functional  activity  and  prob- 
ably, therefore,  with  diminished  metabolism,  though  the  latter 
point  is  not  so  certain ;  active  congestion  is  commonly  unaccom- 
panied by  any  alteration  in  the  mean  arterial  blood-pressure, 
paralytic  congestion  is  frequently  associated  with  a  fall  in  the 
blood-pressure ;  active  congestion  is  accompanied  by  an  increase 
in  the  flow  of  lymph  from  the  part,  paralytic  congestion,  at  all 
events  for  a  time,  is  accompanied  by  no  increase  in  the  flow  of 
lymph,  and  in  some  cases  even  a  diminution  is  observed.  Never- 
theless, they  have  certain  characteristics  in  common.  Both 
varieties  lead  to  swelling  and  redness  of  the  part  from  the 
increased  amount  of  arterial  blood  which  it  contains ;  both  lead 
to  an  increase  in  the  velocity  of  the  blood-stream  through  the 
part  owing  to  diminution  of  the  resistance  between  the  heart  and 
the  capillaries ;  both  lead  to  increased  warmth  of  the  part,  if  it 
be  superficial,  from  the  shorter  time  during  which  heat  can  be 
lost  by  radiation  from  a  given  volume  of  blood;  both,  if  pro- 
longed, lead  to  hypertrophy  of  the  arteries  by  reason  of  the 
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increased  nutriment  which  reaches  the  vessel  walls  through  the 
dilated  vasa  vasorum;  and  in  both  the  increase  in  calibre  of 
the  vessels  may  be  such  that  the  pulse-wave  is  not  obliterated 
in  them,  but  passes  through  to  the  veins. 

In  spite  of  the  differences  and  because  of  the  similarities  be- 
tween active  and  paralytic  congestions,  it  is  frequently  difficult  to 
determine  which  of  the  two  is  present,  while,  even  if  it  be  finally 
concluded  that  the  congestion  is  active,  it  is  by  no  means  easy  to 
decide  whether  the  dilatation  of  arteries  is  primarily  due  to  action 
of  the  central  or  primarily  due  to  action  of  the  peripheral 
nervous  mechanism.  Moreover,  strictly  speaking,  active  dilata- 
tion of  vessels  cannot  occur  at  all,  unless  it  be  brought  about  by 
the  action  of  vaso-dilator  nerves,  and  even  then  all  dilatation  of 
whatever  kind  consists  in  the  removal  of  arterial  tone,  and,  there- 
fore, comes  very  close  to  a  paralytic  process.  But  since  one  is 
forced  to  recognise  that  the  results  of  an  otherwise  indistinguish- 
able dilatation  of  arteries  differ  according  to  the  circumstances 
under  which  that  dilatation  occurs,  it  is  necessary  to  have  distinc- 
tive terms,  and  therefore  the  terms  "  active  "  and  "  paralytic  "  are 
preserved. 

The  causes  of  active  congestion  practically  resolve  themselves 
into  the  causes  of  increased  metabolism,  and  of  these  functional 
activity  and  warmth  1  are  the  chief.  As  to  the  mode  in  which 
the  local  dilatation  of  arteries  is  brought  about,  we  can  only  have 
recourse  to  hypothesis.  We  know  that  increase  of  function  and 
increase  of  blood-supply  go  hand  in  hand,  and  since  increase  of 
function  implies  increased  formation  of  tissue  waste-products,  it 
is  reasonable  to  expect  that  these  are  not  without  their  influence 
upon  the  processes  at  work.  Gaskell  showed  that  the  tonicity  or 
degree  of  contraction  of  the  frog's  heart  and  of  arterial  muscle  is 
very  closely  bound  up  with  the  reaction — alkaline  or  acid — of 
the  fluid  which  bathes  it.  With  very  weak  acids  an  atonic  or 
dilated  condition  is  induced,  with  weak  alkalies  a  tonic  or  con- 
tracted condition,  and  changes  from  atonicity  to  tonicity  and  vice 
versa  may  readily  be  produced  by  changing  in  the  appropriate 

1  It  is  clear  that  we  are  speaking  here  only  of  local  metabolism  ;  the  general 
metabolism  of  the  body  is  diminished  by  external  warmth  and  not  increased. 
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manner  the  reaction  of  the  bathing-fluid.  He  suggests  that  the 
dilatation  of  the  blood-vessels  which  accompanies  functional 
activity  is  dependent  upon  the  acidity,  or  rather  the  diminished 
alkalinity,  of  the  lymph,  which  leaves  the  part  in  action,  and 
which,  on  its  way  towards  the  lymphatics,  is  contained  in  lymph 
spaces  that  surround  the  arterial  wall.  In  the  case  of  voluntary 
muscle,  at  all  events,  it  is  known  that  functional  activity  is 
accompanied  by  the  formation  of  COg1  and  an  acid  substance, 
possibly  sarcolactic  acid.  So  that  there  is  a  certain  amount  of 
evidence  in  favour  of  the  view  that  local  active  dilatation  of  the 
arteries  is  due  to  local  influences  upon  the  local  mechanism. 
Nevertheless,  so  many  examples  of  functional  activity  of  glands 
are  known  which  are  clearly  under  the  control  of  the  central 
nervous  system,  and  in  which  the  increased  blood  supply  is  a 
necessary  preliminary  factor  to  the  appearance  of  an  increased 
secretion  (cf.  sweat,  urine,  saliva),  that  one  hesitates  to  regard 
active  hyperemia  as  being  completely  dependent  upon  local  causes. 

It  has  already  been  stated  that  active  congestion  is  commonly 
unaccompanied  by  any  change  in  the  mean  arterial  blood-pres- 
sure ;  the  reason  of  this  lies  in  the  fact  that  the  area  which  is 
the  seat  of  active  congestion  is,  as  a  rule,  sufficiently  small  for 
compensatory  constriction  of  the  arterioles  in  other  parts  to 
take  place.  The  effect  of  paralytic  congestion  upon  the  general 
blood-pressure  varies  according  to  the  extent  of  the  area  over 
which  the  arteries  are  dilated.  If  the  sciatic  nerve  be  divided 
and  the  leg  becomes  congested,  large  though  the  area  is,  it  is 
nevertheless  not  so  great  but  that,  by  coincident  constriction  of 
arterioles  in  other  parts  (particularly  in  the  splanchnic  area), 
the  mean  blood-pressure  can  be  maintained,  and  this  actually 
occurs.  But  if  the  splanchnic  nerves  be  divided,  the  vascular  area 
affected  is  so  enormous,  and  the  amount  of  blood  which  collects 
in  the  dilated  vessels  is  so  great,  that  no  amount  of  vasoconstric- 
tion in  other  parts  of  the  body  is  able  to  compensate  for  the  local 
hyperemia  in  the  abdomen,  and  hence  the  blood-pressure  falls. 
Consequently  the  effects  upon  the  mean  blood-pressure  of  an 

1  Morley  Fletcher's  experiments,  shown  at  a  meeting  of  the  Physiological 
Society  in  May  1897,  throw  some  doubt  on  this  statement. 
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injury  to,  or  of  a  tumour  in,  the  spinal  cord  depend  upon  whether 
it  is  situated  above  or  below  the  region  which  gives  origin  to  the 
splanchnic  nerves ;  if  it  be  situated  above,  it  cuts  off  constricting 
impulses  passing  from  the  vaso-motor  centre  to  the  abdominal 
arteries,  and  the  blood-pressure  falls ;  if  it  be  situated  below,  the 
splanchnic  vessels  are  exempt,  and  the  blood-pressure  remains  at 
its  normal  height.  The  action  of  drugs  upon  the  blood-pressure 
shows  similar  differences ;  those  drugs  which  act  generally,  e.g., 
amyl  nitrite,  etc.,  produce  a  fall  in  blood-pressure,  those  which  act 
locally, e.g., rubefacients, leave  the  general  blood-pressure  unaltered. 

B.  Venous  Hyperemia  or  Congestion. — Owing  to  the 
absence  of  vaso-motor  control  of  veins,  or  its  insignificance  as 
compared  with  that  of  arteries,  venous  congestion  is  not  obviously 
due  to  either  active  or  paralytic  dilatation  of  the  vessel  walls.  It 
appears  to  be  solely  the  result  of  a  passive  distension  of  the  veins 
behind  some  obstruction,  and  for  this  reason  is  frequently  called 
"  passive  "  congestion.  In  venous  as  in  arterial  congestion,  the 
capillaries  are  more  than  usually  full  of  blood,  but  in  this  case 
the  part  though  swollen  is  not  red  but  purple,  usually  not  hot  but 
cold,  and  the  blood-flow  through  it  not  more  rapid  but  less  rapid 
than  normal. 

The  circulatory  changes  in  passive  congestion  can  be  very 
well  studied  microscopically  in  the  tongue  or  the  swimming-web 
of  the  frog.  If  a  ligature  be  tied  around  the  thigh  of  a  frog 
close  to  the  pelvis  sufficiently  tight  to  constrict  the  veins  but 
not  to  obstruct  the  artery,  the  following  appearances  are  seen. 
It  is  noticed  after  a  short  time  that  the  veins  of  the  swimming- 
web  are  dilated  and  distended  with  blood,  that  a  larger  number 
of  capillaries  is  visible  in  any  given  field  of  the  microscope 
than  normal,  and  that  their  diameter  is  increased.  Whereas 
only  one  corpuscle  was  formerly  able  to  traverse  the  capillary 
at  a  time,  and  that,  too,  travelling  in  the  direction  of  its 
long  axis,  now  two  or  three  corpuscles  may  be  seen  travelling 
abreast.  It  will  further  be  noticed  that  the  velocity  of  the  blood- 
flow  is  diminished ;  in  the  normal  condition  the  blood  flows  so 
rapidly  through  the  arteries  that  the  outline  of  the  individual 
corpuscles  cannot  be  seen,  and  through  the  veins  with  a  rapidity 
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that  is  scarcely  less  marked.  But  now  the  individual  corpuscles 
in  arteries  and  in  veins  can  be  distinguished  if  the  congestion  be 
not  too  severe,  and  in  the  capillaries  a  corpuscle  remains  for  a 
very  appreciable  length  of  time.  As  time  goes  on  distension  of 
the  vessels  increases 1  and  the  blood  flows  more  and  more  slowly, 
with  the  result  that  the  division  into  axial  and  plasmatic 
portions  is  lost  and  the  red  blood-corpuscles  come  to  lie  against 
the  vessel  walls.  When  the  condition  is  very  advanced,  the 
red  blood-corpuscles  are  pressed  so  closely  against  one  another 
that  they  lose  their  outline,  and  the  vessel  with  its  contents 
appears  to  be  converted  into  a  solid  homogeneous  red  cylinder. 
At  this  moment  there  is  seen  on  the  outer  side  of  the  walls  of 
capillaries  and  small  veins  a  number  of  protuberances,  which 
gradually  increase  in  size  and  finally  assume  the  characters  of 
red  blood-corpuscles.  The  number  of  red  blood-corpuscles  that 
may  be  extruded  from  the  blood-vessels  by  this  process  of  diape- 
desis  varies  according  to  the  degree  and  duration  of  venous 
obstruction.  In  the  dog  at  times  it  is  so  considerable  as  to 
cause  the  lymph  leaving  the  part  to  take  on  a  bloody  appearance, 
and  even  with  minor  degrees  of  obstruction  it  is  commonly  found 
on  microscopical  examination  that  a  certain  number  of  red  blood- 
corpuscles  is  being  carried  away  in  the  lymph.  To  the  question 
of  the  lymph-flow  in  passive  congestion  we  shall  return  later 
when  dealing  with  the  subject  of  oedema,  but  it  may  be  stated 
here  that  when  venous  obstruction  has  been  in  existence  for 
some  time  the  lymph-flow  is  increased. 

The  circulation  through  a  part  whose  veins  are  obstructed  goes 
on,  though  with  increasing  slowness,  until  the  pressure  in  the  veins 
is  nearly  equal  to  the  pressure  in  the  arteries ;  before  the  blood- 
flow  actually  ceases  it  shows  for  a  time  an  intermittent  forward 
movement,  owing  to  the  fact  that  the  obstruction  is  so  great  that 
it  can  only  be  overcome  during  the  height  of  ventricular  systole. 

Venous  congestion  does  not  modify  the  aortic  blood-pressure. 
For  the  increased  pressure  in  veins  and  capillaries  of  the  part 

1  According  to  Thoma,  the  calibre  of  the  arteries  is  diminished.  He  maintains 
that  a  diminution  in  calibre  of  arteries  always  accompanies  a  retardation  of  the 
flow  of  blood  in  them. 
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affected  is  not  transmitted  backwards  beyond  the  small  arteries 
which  constitute  the  peripheral  resistance,  and  cardiac  output  is 
unaltered  because  diminished  venous  outflow  from  the  part  is 
rapidly  met  by  a  diminution  in  its  arterial  supply.  Nevertheless 
when  the  vena  cava  is  obstructed  above  the  liver,  aortic  pressure 
falls  enormously  owing  to  lessened  cardiac  intake. 

The  effects  produced  upon  the  tissues  by  venous  congestion 
largely  consist  in  oedema,  and  this  we  must  leave  on  one  side  for 
the  present,  but  certain  other  changes  may  be  noticed.  These 
are  of  three  kinds:  1,  a  lowering  of  the  general  nutrition  of  the 
part,  rendering  it  liable  to  suffer  severely  from  irritants  which 
under  normal  circumstances  would  have  but  slight  consequences 
or  none  at  all ;  2,  hypertrophy  of  certain  forms  of  tissue ;  and  3, 
diapedesis  of  red  blood-corpuscles. 

With  regard  to  the  lowering  of  nutrition  in  the  part,  this 
may  vary  within  very  wide  limits,  from  an  increased  tendency 
to  inflammation  or  ulceration  as  the  result  of  small  injuries, 
which  accompanies  the  milder  forms  of  chronic  venous  con- 
gestion, to  moist  gangrene,  which  accompanies  the  severer  forms 
of  acute  venous  congestion.  Hypertrophy  is  only  seen  when 
venous  congestion  is  chronic  and  it  chiefly  affects  fibrous  tissue 
and  epithelial  structures.  Thus,  in  the  chronic  venous  con- 
gestion of  congenital  malformation  of  the  heart,  the  fibrous 
tissue  at  the  ends  of  the  fingers  becomes  hypertrophied  and  the 
nails  become  enlarged,  leading  to  the  condition  known  as  "  club- 
bing "  of  the  fingers.  In  the  later  stages  of  mitral  regurgitation, 
along  with  the  chronic  venous  congestion  of  the  liver,  spleen,  and 
kidneys,  there  is  found  an  increase  in  the  amount  of  fibrous  tissue 
that  forms  the  supporting  structure  of  these  organs.  In  the  neigh- 
bourhood of  a  varicose  ulcer  on  the  leg,  the  epidermis  is  thicker 
than  normal  and  the  hair  grows  more  luxuriantly.1  Diapedesis 

1  It  will  be  noticed  that  it  has  not  been  said  that  these  examples  of  hypertrophy- 
are  caused  by  the  congestion.  Hypertrophy,  it  is  true,  is  caused  by  prolonged 
congestion,  but  it  is  a  congestion  of  the  active  arterial  type,  which  implies  an  in- 
creased amount  of  nutriment.  Chronic  venous  congestion,  though  it  is  accom- 
panied by  an  increased  amount  of  blood  in  the  part,  implies  a  diminution  in 
amount  of  nutriment  owing  to  the  sluggishness  of  the  circulation  and  the  de- 
ficient renewal  of  blood.    It  is  therefore  difficult  to  associate  chronic  venous 
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of  red  blood-corpuscles  occurs  with  severe  and  acute  venous  con- 
gestion, and  the  amount  of  blood  that  is  extra vasa ted  into  the 
tissues  in  this  manner  may  be  so  great  as  to  merit  the  name  of 
haemorrhage.  If  the  blood-vessels  are,  comparatively  speaking, 
unsupported,  actual  rupture  of  the  vessels  may  take  place,  but  in 
diapedesis  the  red  blood-corpuscles  are  usually  regarded  as  passing 
through  the  uninjured  walls  of  the  capillaries  or  veins ;  to  this  point 
we  shall  return  when  dealing  with  the  subject  of  inflammation. 

The  causes  of  venous  congestion  are  such  as  lead  to  obstruction 
of  the  veins,  but  one  important  point  must  be  borne  in  mind, 
viz.,  that  the  collateral  circulation  in  the  case  of  veins  is  extra- 
ordinarily free.  It  is  not  sufficient  to  ligature  the  femoral  vein 
in  the  middle  of  a  dog's  thigh  in  order  to  produce  venous 
congestion  of  the  paw ;  such  an  operation  has  at  most  a  momen- 
tary effect,  for  the  increased  pressure  of  blood  in  the  veins 
behind  the  obstruction  is  sufficient  to  open  up  the  easily  dis- 
tensible collateral  paths  that  unite  the  vein  below  with  the 
vein  above  the  obstruction.1  But  if  a  ligature  be  placed  with 
moderate  tightness  around  the  whole  thigh,  and  a  certain  amount 
of  obstruction  be  placed  in  the  way  of  the  return  of  blood  from 
the  paw  through  all  the  possible  channels,  then  venous  congestion 
of  the  paw  results.  Hence  in  disease  passive  congestion  is  seen 
only  when  venous  obstruction  is  due  to  central  or  to  extensive 
peripheral  causes.  It  occurs  most  commonly  along  with  tricuspid 
regurgitation,  the  result  of  cardiac  failure,  and  then  it  is  general. 
It  is  most  marked  in  the  dependent  parts,  owing  to  the  impaired 
force  of  the  heart,  which  now  is  less  able  than  formerly  to  drive 
the  blood  through  the  veins  in  a  direction  opposed  to  gravity. 
It  also  occurs  wherever  thrombosis  obstructs  the  lumen  of  many 
veins:  such  a  condition  is  found  in  the  portal  vein  and  its 
branches  in  inflammation  of  those  vessels,  and  in  the  femoral 
vein  in  the  condition  known  as  phlegmasia  do  lens.    It  occurs 

congestion  with  hypertrophy  as  cause  and  effect,  though  it  must  be  confessed 
that  in  the  cases  before  us  it  is  quite  as  difficult  to  explain  the  hypertrophy 
which  undoubtedly  obtains  in  any  other  manner. 

1  Even  ligature  of  the  superior  vena  cava  or  of  the  inferior  vena  cava  below  the 
liver  does  not  produce  any  effect  upon  the  pressure  in  the  carotid  artery  of  a  dog. 
(Cohnheim,  Lectures  on  Pathology,  New  Syd.  Soc,  p.  167.) 
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wherever  pressure  is  exerted  upon  veins  from  without,  as,  for 
example,  by  a  tight  bandage  or  ring,  by  an  aneurysm  or  a  solid 
tumour.  In  many  of  the  cases  mentioned,  however,  the  conges- 
tion is  to  be  recognised  rather  by  the  presence  of  that  oedema 
which  accompanies  it,  than  by  an  actual  overloading  of  the  part 
with  venous  blood  and  a  cyanosis. 

Before  dismissing  the  subject  of  congestion,  there  are  two 
further  varieties  which  must  be  briefly  mentioned.  These  are  (A) 
the  congestion  which  is  brought  about  by  a  local  diminution  of 
pressure,  and  (B)  the  congestion  which  is  known  as  "  hypostatic." 

(A.)  The  congestion  which  is  brought  about  by  a  local  diminu- 
tion of  pressure  is  seen  in  its  simplest  form  when  the  atmos- 
pheric pressure  is  diminished  over  some  superficial  part.  Thus  it 
occurs  typically  in  the  almost  obsolete  practice  of  "  dry  cupping." 
The  operation  consists  in  holding  a  cup-shaped  glass  over  the 
flame  of  a  spirit  lamp,  whereby  the  air  within  it  becomes  warmed 
and  rarefied,  and  closely  applying  it  while  still  warm  to  the  skin 
of  the  patient.  The  air  within  the  cup  as  it  cools  contracts, 
reduces  the  pressure  within  the  cup  below  the  pressure  of  the 
atmosphere,  and  therefore  exposes  the  tissues  which  are  covered 
by  the  cup  to  a  diminished  pressure.  The  distensible  skin  which 
is  exposed  to  this  diminished  pressure  expands  and  becomes  sucked 
up  to  a  certain  extent  into  the  cup.1  Along  with  the  skin  the 
blood-vessels  dilate  also,  and  the  part  becomes  red  and  congested. 

Now  the  difference  between  this  form  of  congestion  and  those 
which  we  have  previously  considered  consists  in  the  fact 
that  the  local  diminution  of  pressure  leads  neither  to  an  ex- 
clusively arterial  nor  to  an  exclusively  venous  congestion,  but  to 
a  local  attraction  of  blood  from  all  parts,  arteries,  capillaries,  and 
veins,  in  which  the  pressure  is  greater  than  it  is  at  the  seat  of 
cupping.  But  the  congestion  which  is  produced  in  this  manner, 
or  by  applying  suction  with  the  mouth  to  a  soft  part,  remains 
for  some  time  after  the  pressure  over  the  part  has  returned  to 
normal,  and  hence  one  must  conclude  that  there  is  something 

1  Strictly  speaking,  the  skin  is  of  course  not  "  sucked"  up  by  the  diminished 
pressure  within  the  cup  but  "  pushed  "  up  by  the  atmospheric  pressure  outside. 
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more  in  the  congestion  than  the  simple  process  given  above.  The 
small  haemorrhages  that  are  frequently  seen,  especially  in  the 
neighbourhood  of  the  hair-follicles,  depend  upon  actual  rupture 
of  some  of  the  less  supported  capillaries,  and  this  is  certainly 
due  to  the  diminished  pressure  on  one  side  of  them,  but  the 
general  congestion  (which  may  last  for  an  hour  or  more,  and 
which  is  not  inflammatory)  must  be  regarded  as  due  to  a  local 
paralysis  of  the  arterioles.  For  the  part  is  warmer  than  else- 
where in  the  neighbourhood,  and  the  circulation  through  it  is 
more  rapid  than  usual,  as  can  be  determined  by  the  instan- 
taneous return  of  redness  after  removal  of  intra- vascular  blood 
from  the  part  by  pressure  with  a  finger ;  anaemia  of  the  sur- 
rounding but  unaffected  parts  produced  in  the  same  way  does 
not  give  place  to  the  normal  colour  after  removal  of  the  finger 
until  an  appreciably  longer  interval  of  time  has  elapsed. 

A  process  that  is  essentially  the  same  comes  about  in  the  body 
when  a  part  has  been  subjected  to  increased  pressure  for  some 
length  of  time  and  the  increased  pressure  is  suddenly  taken  off. 
This  occurs,  for  example,  in  a  hydrocele,  where  the  tunica 
vaginalis  of  the  testis  is  the  seat  of  an  effusion  that  produces  a 
considerable  amount  of  pressure  on  the  walls  of  the  sac.  On 
making  a  small  puncture  in  the  sac,  as  in  the  usual  method 
adopted  for  emptying  it,  the  fluid  is  expelled  with  some  force. 
The  sudden  diminution  of  pressure  produces  a  congestion  of  the 
blood-vessels  running  in  the  wall  of  the  sac  and  haemorrhage 
into  the  sac  not  infrequently  occurs.  The  same  is  seen  when 
fluid  has  collected  in  the  abdominal  or  one  of  the  pleural  cavities, 
or  when  the  abdominal  pressure  is  suddenly  diminished  by  the 
removal  of  a  large  abdominal  tumour.  The  amount  of  blood 
that  may  be  diverted  from  the  circulation  generally,  and  from 
the  brain  in  particular,  to  fill  the  dilated  vessels  is  sometimes 
so  great  that  faintness  is  produced,  and  the  haemorrhage  which 
occurs  from  the  congested  blood-vessels  may  be  so  considerable 
as  to  be  alarming.  It  is  obvious  that  these  severer  symptoms 
more  commonly  occur  when  the  abdomen  is  the  seat  of  opera- 
tion than  elsewhere. 

(B.)  Hypostatic  congestion  depends  upon  the  fact  that,  under 
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the  conditions  in  which  it  obtains,  gravity  exerts  a  greater  pro- 
portionate resistance  towards  the  flow  of  blood  in  the  veins  than 
normal.1  Hypostatic  congestion  occurs  in  dependent  parts,  and 
is  seen  when  the  propulsive  power  of  the  heart  is  diminished,  as 
in  old  age  or  at  the  latter  end  of  severe  or  exhausting  diseases 
such  as  typhoid  fever.  In  dependent  parts  the  return  of  blood 
to  the  heart  is  opposed  by  gravity,  but  normally  the  force  of  the 
ventricular  systole  is  such  that  that  portion  of  the  force  which 
passes  the  peripheral  resistance  and  the  capillaries  is  sufficient 
to  overcome  the  effect  of  gravity  and  urge  the  blood  onwards. 
When  the  heart  is  weakened,  this  is  not  the  case,  and  the  blood 
travels  towards  the  heart  only  during  the  height  of  systole,  so 
that  the  venous  flow  becomes  intermittent ;  if  the  heart  be  ex- 
cessively weak,  actual  stagnation  in  the  dependent  parts  may 
occur.  The  cardiac  weakness  is  further  aided  by  the  fact  that 
muscular  contraction,  which  is  so  potent  an  adjuvant  to  the 
venous  circulation,  is  in  these  very  cases  reduced  to  its  lowest 
limits,  practically  consisting  only  in  the  action  of  the  enfeebled 
respiratory  muscles.  Owing  to  the  smaller  force  exerted  by  the 
right  ventricle,  hypostatic  congestion  occurs  earliest  and  is  most 
marked  in  the  lungs.  The  stagnation  of  the  blood  leads  to 
deficient  nutrition  of  the  part,  and  such  changes  are  produced  as 
are  associated  with  passive  hyperemia  and  deficient  nutrition  of 
the  vessel  wall,  viz.,  oedema,  extravasation  of  blood,  and  a  tendency 
to  undergo  low  forms  of  inflammation.  Clinically,  hypostatic 
congestion  is  of  the  highest  importance,  but  pathologically,  it 
offers  no  real  difference  from  the  venous  congestion  which  has 
already  been  described. 

VI.  The  effects  of  Haemorrhage. — Sudden  variations  in  the 

1  L.  Hill  finds  that  gravity  is  "a  cardinal  factor"  in  the  circulation,  but  that 
its  importance  varies  in  different  animals.  In  animals  in  which  the  erect  position 
is  usual,  such  as  monkeys,  and  presumably  therefore  in  man,  gravity  exerts  but 
little  disturbing  influence,  owing  to  the  perfection  of  compensation  that  is 
effected  by  vaso-motor  changes  in  the  splanchnic  area,  but  in  four-footed  animals 
compensation  is  not  so  effective,  and  the  result  of,  e.g.,  the  "  feet-down"  position 
is  that  aortic  blood-pressure  is  lowered.  This  depends  upon  the  fact  that,  in  this 
position,  blood  collects  in  the  splanchnic  veins  instead  of  entering  the  right 
heart.  The  input  of  the  right  heart  being  diminished,  the  output  of  the  left 
ventricle  is  lessened,  and  other  factors  remaining  constant,  the  blood-pressure 
falls.    In  the  "head-down "  position  the  exact  converse  obtains. 
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quantity  of  blood  in  the  body  may  be  regarded  from  three  points 
of  view :  either  from  that  of  the  blood  itself,  or  from  that  of  the 
tissues  which  lie  outside  the  blood-vessels,  or  from  that  of  the 
heart  and  blood-vessels.  It  is  from  the  latter  aspect  alone  that 
they  will  be  considered  here. 

It  is  unnecessary  to  enter  here  into  a  discussion  of  the  effects 
of  suddenly  increasing  the  volume  of  fluid  in  the  blood-vessels, 
as  the  subject  will  need  consideration  in  connection  with  trans- 
fusion. Sudden  diminution  in  the  volume  of  the  blood  in  the 
body  occurs  in  every  case  of  severe  arterial  or  venous  haemor- 
rhage. The  diminution  is  not  produced  with  so  great  suddenness 
when  haemorrhage  is  from  veins,  as  when  it  takes  place  from  a 
divided  artery,  nor  is  it  common  for  the  loss  of  blood  to  be  so 
great  in  the  former  case  by  reason  of  the  lower  blood-pressure  in 
the  veins,  the  smaller  velocity  of  the  blood-flow,  and  the  greater 
coagulability  of  venous  blood,  factors  which  aid  in  hastening  the 
onset  of  that  thrombosis  which  is  the  natural  means  whereby 
haemorrhage  is  arrested.  The  suddenness  with  which  loss  of 
blood  takes  place  is  of  more  importance  in  this  connection  than 
mere  quantity.  In  haemophilia,  for  example,  the  loss  of  blood 
by  gradual  oozing  from  an  abraded  surface  may  be  so  great  as 
to  induce  extreme  blanching  of  the  patient,  but  circulatory 
changes  such  as  supervene  on  severance  of  the  femoral  artery 
or  in  post-partum  haemorrhage  are  conspicuously  absent. 

It  is  well  known  that  the  general  blood-pressure  is  not  per- 
manently affected  by  haemorrhage  unless  that  haemorrhage  be 
carried  to  an  alarming  extent ;  up  to  one-third  of  the  initial  volume 
of  the  blood  may  be  lost,  and  yet  the  general  blood-pressure  remains 
at  its  normal  level.  The  pressure,  no  doubt,  falls  during  the 
actual  period  of  haemorrhage,  but  so  soon  as  it  is  arrested,  whether 
by  natural  or  by  artificial  means,  the  pressure  regains  its  original 
level.  This  is  brought  about  because  the  peripheral  resistance 
is  increased  by  vaso- motor  action  and  the  capacity  of  the 
vascular  area,  especially  in  the  splanchnic  regions,  is  diminished  ; 
as  long  as  variation  in  these  directions  is  possible,  so  long  the 
normal  blood-pressure  is  maintained. 

The  part  played  by  the  arteries  in  organs  and  tissues  other 
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than  that  whence  the  arterial  haemorrhage  is  taking  place  is 
exactly  similar  to  the  part  which  would  be  played  by  them  if, 
instead  of  haemorrhage,  a  local  arterial  congestion  was  being 
produced.  The  blood-pressure  is  maintained  in  both  cases,  but 
whereas  this  is  beneficial  to  the  whole  economy  in  the  case  of  a 
local  arterial  congestion,  it  is  distinctly  injurious  to  the  whole 
economy  when  haemorrhage  is  taking  place.  For  the  amount  of 
blood  lost  per  unit  of  time  from  a  given  divided  artery  depends 
upon  the  pressure  under  which  the  blood  is  in  the  system.  The 
maintenance  of  the  blood-pressure,  therefore,  is  one  of  the  chief 
causes  in  rendering  the  loss  of  blood  that  takes  place  from  a 
large  divided  artery  so  great  as  to  be  a  danger  to  life.  And, 
indeed,  were  the  blood-pressure  to  be  maintained  to  the  end, 
haemorrhage  in  the  case  of  a  large  artery  would  not  cease  until 
the  last  drop  of  blood  had  been  expelled  from  the  body.  That 
this  is  not  the  case  depends  upon  the  fact  that,  when  the  loss 
of  blood  has  proceeded  to  a  certain  extent,  the  blood-pressure 
falls. 

But  not  only  does  the  amount  of  blood  that  issues  in  a  given 
time  from  a  divided  artery  depend  upon  the  pressure  behind  it, 
it  is  greater  than  the  amount  of  blood  which  passed  over  the 
same  spot  in  the  same  time  when  the  artery  was  undivided. 
This  depends  upon  the  removal  of  the  peripheral  resistance  in 
front.  The  velocity  with  which  the  blood-stream  flows  past  a 
given  point  in  the  carotid  depends  upon  the  ratio  borne  by  the 
force  of  the  heart's  beat  to  the  peripheral  resistance.  When  the 
vessel  is  divided,  peripheral  resistance,  so  far  as  the  velocity  of  the 
stream  over  the  central  end  is  concerned,  is  reduced  to  zero,  and, 
since  the  blood-pressure  elsewhere  remains  normal  and  the  force 
of  the  heart's  beat  remains  normal,  the  velocity  of  the  issuing 
stream  is  greater  than  was  the  blood-flow  in  the  undivided 
artery.  Nicolls  has  estimated  mathematically  that  in  man,  if  the 
carotid  were  divided,  the  blood  would  spout  from  the  central 
end  of  the  vessel  with  a  velocity  twenty-one  times  as  great  as  that 
with  which  it  passes  over  the  same  spot  in  the  undivided  artery. 

The  effects  of  severe  haemorrhage  chiefly  consist  in  an  altered 
composition  of  the  blood  and  in  anaemia  of  the  brain :  the  former 
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will  be  referred  to  in  its  proper  place,  the  latter  causes  those 
epileptiform  convulsions  seen  with  severe  haemorrhage. 

VII.  Venous  Pulsation. — In  this  and  the  preceding  chapter 
we  have  incidentally  mentioned  the  chief  variations  in  the  arterial 
pulse,  and  have  pointed  out  that  in  local  arterial  dilatation  a  true 
pulse  may  sometimes  be  observed  in  the  veins.  Venous  pulsation, 
however,  is  more  commonly  met  with  in  pathology  under  a 
different  set  of  conditions.  It  is  best  seen  in  the  superficial 
veins  of  the  neck,  in  cases  where  there  is  severe  tricuspid  re- 
gurgitation. The  venous  pulse  of  pathology  differs  from  the 
venous  pulse  of  physiology  in  two  respects  at  least :  the  patho- 
logical venous  pulse  is  regurgitant  and  occurs  at  the  cardiac  end 
of  the  veins  where  they  are  large ;  the  venous  pulse  of  physiology 
is  direct,  and  occurs  at  the  capillary  end  of  the  veins  where 
they  are  small.  The  venous  pulsation  that  occurs  in  tricuspid 
incompetence  is  at  times  so  forcible  that  an  organ  such  as  the 
liver,  which  is  close  to  the  heart  and  contains  many  veins, 
may  pulsate  as  a  whole. 

VIII.  Capillary  Pulsation. — Normally,  the  pulse-wave  in 
the  capillaries  is  so  small,  and  the  velocity  with  which  it  travels 
is  so  great,  that  no  pulsation  is  recognisable  in  them  at  all,  but 
under  certain  circumstances  the  intermittent  action  of  the  heart 
manifests  itself  in  these  vessels.  It  is  not  here  recognised  by  the 
sense  of  touch  as  it  is  in  the  arteries,  but  by  the  far  acuter  sense 
of  sight.  During  the  passage  of  a  pulse-wave  over  any  point, 
the  mass  of  blood  which  the  vessel  contains  when  the  wave  is 
passing  is  greater  than  that  which  exists  at  the  same  spot 
either  before  or  after  that  moment.  Were  the  arterial  walls  and 
the  superjacent  structures  transparent,  and  the  layer  of  blood  not 
so  thick  as  to  cause  one  uniform  depth  of  colour  at  the  spot,  we 
may  assume  that  a  greater  or  lesser  volume  of  coloured  corpuscles 
would  show  its  presence  by  an  increased  or  diminished  momen- 
tary redness  in  the  part.  Now  the  capillaries  manifest  this 
transparency  of  wall  and  tenuity  of  the  layer  of  contained  blood 
sufficiently  well  for  change  of  volume  of  contained  blood  to  be 
represented  by  change  of  colour.  Hence  change  of  colour  with 
the  heart's  beat,  if  it  be  present  in  the  capillaries,  may  be  taken 
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as  evidence  of  the  same  effect  of  the  heart's  beat  in  them  as  is 
the  impulse  in  the  arteries.  That  the  capillaries  themselves  may 
vary  in  bulk  as  do  the  arteries  is  possible,  but  touch  is  not  suffi- 
ciently acute  to  perceive  a  difference  which  is  often  recognised 
by  sight  with  the  utmost  facility. 

The  momentary  flushing  of  a  part,  the  capillaries  of  which  with 
each  heart's  beat  contain  a  greater  amount  of  blood  than  normal, 
is  best  observed  on  the  inner  surface  of  the  lip,  where  the 
epithelium  is  comparatively  thin  and  the  number  of  capillaries 
large.  If  the  lower  lip  be  everted  and  an  ordinary  microscopic 
slide  be  pressed  upon  it  the  phenomenon,  if  present,  will  become 
visible.  The  lip  being  convex  forwards,  the  amount  of  pressure 
applied  is  immaterial,  for  though  with  a  greater  amount  of 
pressure  it  is  further  away  from  the  centre  of  the  area  of  contact 
than  with  a  smaller  amount,  yet  a  spot  can  always  be  found  over 
which  the  pressure  is  just  sufficient  to  allow  the  pulsation  to  be 
seen  to  the  best  advantage.  Occasionally  the  pulsation  is  so 
marked  that  a  part  may  be  seen  to  flush  coincidently  with  the 
heart's  beat  without  any  artificial  aid. 

In  a  typical  case  of  capillary  pulsation  (viewed  by  the  above 
method)  there  is  a  central  area  into  which  no  blood  enters 
owing  to  the  pressure  of  the  slide,  but  at  some  varying  distance 
from  the  centre  is  found  an  area  or  narrow  zone  where  the 
colour  becomes  intermittently  deeper  red  and  paler,  and  the 
edge  of  which  seems  to  be  in  continuous  movement,  now  en- 
croaching upon,  now  receding  from,  the  central  area  of  complete 
anaemia,  which  lies  next  it. 

Capillary  pulsation  is  essentially  a  pathological  phenomenon ; 
according  to  the  author's  investigations,  it  is  almost  exclusively 
observed  in  cases  of  aortic  regurgitation  and  in  the  congested 
zone  surrounding  a  superficial  wound  that  is  covered  by  a  scab. 
The  explanation  of  the  phenomenon  in  these  two  cases  seems 
not  to  be  the  same. 

In  aortic  regurgitation  it  appears  to  be  caused  in  the  following 
way.  Every  pulse-wave  consists  of  two  sets  of  vibration,  one 
transverse  to  the  direction  of  the  wave,  the  other  longitudinal. 
The  amplitude  of  the  transverse  vibration  varies  directly  with 
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the  diameter  of  the  vessel  through  which  it  is  passing,  and  in 
the  capillaries  it  is  so  small,  and  the  velocity  with  which  it  travels 
is  so  great,  that  transverse  vibrations  never,  under  any  circum- 
stances, become  recognisable  in  these  vessels.  The  longitudinal 
vibration  of  a  pulse- wave  is  practically  independent  of  the  diameter 
of  the  vessel  through  which  it  is  passing,  but  depends  upon  the 
ratio  between  the  transverse  and  longitudinal  tensions  of  the  wall 
When  the  pressure  is  sufficiently  high  to  make  the  transverse 
tension  of  the  vessel  greater  than  twice  the  longitudinal  tension 
(as  it  is  in  a  normal  artery),  the  longitudinal  vibration  of  the 
pulse-wave  is  so  small  as  to  be  imperceptible  whether  in  arteries, 
capillaries,  or  veins.  And  this  helps  to  account  for  the  normal 
absence  of  pulsation  in  capillaries.  But  when  the  transverse 
tension  of  the  vessel  is  less  than  twice  the  longitudinal  tension  (as 
it  probably  is  in  cases  of  aortic  regurgitation),  the  longitudinal 
vibrations  of  the  pulse-waves  become  perceptible ;  and  since  they 
are  not  affected  in  the  same  way  as  the  transverse  vibrations  by 
the  diameter  of  the  vessel  through  which  the  wave  is  passing, 
they  show  themselves  in  the  capillaries. 

When  capillary  pulsation  occurs  in  the  neighbourhood  of  a 
scab,  it  is  probable  that  during  diastole  an  actual  recoil  of  blood 
takes  place  from  the  barrier  presented  by  the  scab  and  the  throm- 
bosed capillaries  beneath  it.  At  all  events,  in  glaucoma,  a  condi- 
tion in  which  the  intra-ocular  tension  is  increased,  and  in  which, 
therefore,  a  somewhat  similar  barrier  is  presented  at  the  entrance 
of  the  vessels  into  the  eye,  arterio-venous  pulsation  may  be 
observed  in  the  vessels  coursing  over  the  optic  disc ;  the  same 
phenomenon  may  be  observed  if  the  intra-ocular  pressure  be  arti- 
ficially increased  by  pressing  on  the  upper  portion  of  the  globe 
with  the  finger  while  the  fundus  of  the  eye  is  under  observation. 

It  must  be  admitted,  however,  that  the  explanation  and  the 
significance  of  capillary  pulsation  are  subjects  upon  which  there 
is  a  divergence  of  opinion.  One  reason  of  this  is  that  the 
phenomenon  is  sometimes — but  rarely — seen  under  other  condi- 
tions than  those  mentioned ;  the  chief  of  these  is  excitable  action 
of  the  heart  even  when  no  recognisable  disease  of  any  kind  is 
present.    Whether  in  these  cases  also  a  small  amount  of  aortic 
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regurgitation  occurs,  one  cannot  say,  but  judging  from  the  fact 
that  excitement  sometimes  leads  to  the  appearance  of  a  functional 
systolic  murmur  connected  with  the  mitral  valve,  such  an  ex- 
planation is  not  impossible. 
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CHAPTER  V. 


The  Pathology  of  the  Blood,  with  especial  reference  to 
the  Blood-Corpuscles  and  the  Anaemias. 


Synopsis. 


I.  The  Coagulability  of  Blood  : 

(i)  Experimental. 

(ii)  \  Pathological  Variations  of 
(iii)  J  Coagulability. 

II.  The  Specialised  Elements  of  the 
Blood  : 

(i)  The  Red  Corpuscles. 

(ii)  The    Colourless  Corpus- 

cles. 

(iii)  Blood-Platelets. 

III.  The  Anaemias  : 

(i)  Anaemias  in  which  marked 
Changes  in  the  Number 
or  Characters  of  the 
White  Blood- Corpuscles 
are  absent. 

A.  The  Principal  Change 
is  a  Diminution  in 
the  Number  of  Red 
Blood-  Corpuscles. 


III.  The  Anaemias : 

B.  The  Principal  Change 
is  a  Diminution  in 
the  Haemoglobin 
Content  of  the  Red 
Blood-Corpuscles. 

(ii)  Anaemias  in  which  marked 

Changes  in  the  Numbers 
or  Characters  of  the 
White  Blood- Corpuscles 
are  present. 

A.  Leuchaemia  or  Leucocy- 

thaemia. 

B.  Pseudo-leuchaemia. 

(iii)  The  Varieties  of  Colourless 

Corpuscles  present  in  the 
Anaemias. 

(iv)  Sources  of  Abnormal  Blood- 

Corpuscles  in  the 
Anaemias. 

(v)  Effects  of  Anaemia  upon  the 

Body. 

IV.  Leucocytosis  and  Leucopenia. 


The  study  of  pathological  changes  occurring  in  the  blood  is 
rendered  difficult  by  the  fact  that  of  all  constituents  of  the  body 
the  blood  is  perhaps  the  most  unstable.  It  varies  in  quantity, 
in  specific  gravity,  in  relative  proportion  of  cells  to  plasma  and 
even  of  one  kind  of  cell  to  another  in  different  individuals,  and 
from  time  to  time  even  in  the  same  individual.  And  that,  too> 
without  passing  beyond  the  bounds  of  physiology.  No  pretence  to 
completeness  can  therefore  be  made  in  the  following  pages,  but  an 
attempt  is  made  to  present  the  salient  points  of  the  subject. 
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I.  The  Coagulability  of  Blood.— (i.)  Experimental- 
Coagulation  of  the  blood  at  the  present  day  is  known  to  depend 
upon  the  presence  of  three  factors  at  least,  fibrinogen,  fibrin  fer- 
ment, soluble  salts  of  calcium.  Concerning  the  first  and  second 
of  these,  there  is  no  doubt  whatever  that  they  are  absolutely 
essential  to  the  process.  The  importance  of  a  salt  of  calcium  in 
coagulation  was  first  shown  by  J.  K.  Green,  and  the  subject  was 
afterwards  investigated  closely  by  Arthus  and  Pages,  and  others. 
But  though  there  is  no  doubt  that  the  presence  of  calcium  is 
highly  favourable  to  the  onset  of  coagulation,  it  is  a  little  doubtful 
whether  it  is  absolutely  essential.  One  difficulty  in  the  way  of 
deciding  this  point  consists  in  the  fact  that  the  amount  of  calcium 
in  question  is  extremely  minute.  Thus,  in  spite  of  the  relative 
insolubility  of  calcium  sulphate  in  water,  sufficient  is  taken  up 
for  coagulation  to  be  absent  or  to  take  place  in  an  experiment 
upon  coagulation  according  as  distilled  water  or  boiled  tap  water 
is  used  in  preparation  of  the  fluids  to  be  investigated. 

The  action  of  cobra  poison — largely,  an  albumose — upon  coagu- 
lation of  blood  is  very  curious,  and  raises  doubts  as  to  the  essential 
importance  of  calcium  in  the  process.  It  was  shown  by  Kan- 
thack,  at  a  meeting  of  the  Physiological  Society  in  1896,  that  if 
4  mgr.  of  cobra  poison  be  placed  in  a  test-tube,  and  a  normal 
rabbit  be  bled  directly  into  the  cobra  poison,  the  mixture  remains 
fluid  for  days.  If  the  same  procedure  be  adopted,  but  the  rabbit 
have  been  previously  immunised  against  cobra  poison,  the  mixture 
of  blood  and  cobra  poison  in  the  test-tube  coagulates  even  more 
rapidly  than  normal  rabbit's  blood  without  cobra  poison.  If, 
however,  a  trace  of  serum  from  an  immunised  rabbit  be  added 
to  4  mgr.  of  cobra  poison,  and  a  normal  rabbit  be  bled  into  the 
mixture,  coagulation  takes  place  immediately.  The  last  experi- 
ment is  the  more  extraordinary  in  that  the  trace  of  immunising 
serum  added  is  quite  insufficient  to  neutralise  the  toxic  effects  of 
the  cobra  poison.  The  coagulation  or  absence  of  coagulation  in 
these  three  cases  can  hardly  be  regarded  as  dependent  upon  the 
presence  or  the  absence  of  a  calcium  salt. 

If  to  the  blood  or  any  other  coagulable  fluid  a  small  amount 
of  oxalate  of  potassium  (*2  per  cent.)  or  of  citrate  of  potassium 
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(•5  per  cent.)  be  added,  the  onset  of  coagulation  may  be  retarded 
for  an  indefinite  time,  though  occasionally,  when  citrate  of  potas- 
sium has  been  used,  coagulation  may  occur  after  weeks  have 
passed.  It  is  generally  held,  at  least  in  the  case  of  potassium 
oxalate,  that  it  combines  with  the  calcium  normally  present  in 
the  blood  or  other  fluid  to  form  an  insoluble  salt.  The  power  to 
undergo  coagulation  is  not  abolished  even  in  the  case  of  oxalate 
blood,  it  is  only  suspended,  for  coagulation  makes  its  appearance 
in  an  apparently  normal  manner  if  to  the  fluid  oxalate  blood  a 
small  quantity  of  some  solution  of  a  calcium  salt  be  added. 

The  coagulability  of  blood  may  in  some  animals  be  diminished 
by  intra-vascular  injection  of  commercial  peptone  or  of  leech 
extract.  Cobra  poison  also,  as  we  have  just  seen,  sometimes 
retards  coagulation.  Intravascular  injection  of  commercial 
peptone — which  really  consists  almost  entirely  of  albumoses— 
retards  coagulation  of  the  blood  in  the  dog,  but  not  in  the  rabbit, 
and  even  in  the  case  of  the  dog,  coagulation  is  at  times,  for 
some  as  yet  unexplained  reason,  unmodified. 

As  to  the  method  whereby  the  commercial  peptone  acts  it  is 
impossible  to  dogmatise.  For  a  time  it  was  held  that  it  forms 
an  insoluble  compound  with  the  calcium  of  the  blood,  but  this  ex- 
planation was  soon  found  to  be  inadequate.  Contejean  believes 
that  the  retarding  influence  on  coagulation  is  indirectly  brought 
about  by  a  ferment  elaborated  in  the  liver,  and  that  the  for- 
mation of  the  ferment  is  under  the  influence  of  the  hepatic 
nerves,  for  he  found  that  when  the  cceliac  ganglion  is  removed, 
intra-venous  injection  of  peptone  solution  has  no  effect  upon 
coagulation  of  the  blood.  Delezenne  found  that  if  a  solution  of 
peptone  be  passed  through  the  liver  of  a  dog  which  has  only  just 
been  killed,  a  liquid  is  obtained  able  to  suspend  coagulation  of 
blood  in  vitro  and  capable  of  rendering  rabbit's  blood  incoagul- 
able ;  these  results  are  not  produced  by  peptone  solution  per  se. 
The  liver  seems  to  be  the  sole  organ  capable  of  producing  the 
substance  under  the  influence  of  peptone,  for  passage  of  peptone 
solution  through  intestine,  spleen,  kidney,  lung,  brain,  or  muscle 
were  without  effect.  The  results  of  Contejean  and  Delezenne 
have  been  confirmed  by  Gley  and  Pachon.    According  to  W 


142 


THE  PATHOLOGY  OF  THE  BLOOD, 


H.  Thompson  the  effect  of  intra-venous  injection  of  peptone 
differs  according  to  the  amount  of  the  substance  which  is  intro- 
duced into  the  circulation ;  if  less  than  -02  gm.  per  kilogram  of 
body  weight  is  added,  coagulation  of  the  blood  is  hastened,  but  if 
more  than  that  amount  is  added  coagulation  is  retarded.  A 
similar  peculiarity  with  regard  to  their  action  upon  coagulation 
has  been  noted  by  Home  in  the  case  of  salts  of  the  alkaline 
earths.  He  found  that,  though  coagulation  does  not  take  place 
in  the  absence  of  a  soluble  compound  of  one  of  these  elements, 
and  though  the  addition  of  a  small  quantity  hastens  coagulation, 
the  addition  of  a  greater  amount  than  -5  per  cent,  retards  the 
onset  of  coagulation. 

To  the  three  factors  which  have  been  mentioned  above,  Dastre 
and  Floresco — in  the  case,  at  least,  of  peptone  plasma — have 
lately  added  a  fourth,  viz.,  the  reaction  of  the  fluid.  They  find 
that  fluids  which  have  been  rendered  non-coagulable  by  the 
action  of  peptone  are  alkaline,  and  that  the  non-coagulability 
disappears  if  the  fluids  are  neutralised  or  rendered  faintly  acid. 
In  accordance  with  this  observation  is  the  fact  that  venous  blood 
coagulates  more  rapidly  than  arterial  blood.1 

(ii.)  Pathological  Increase  of  Coagulability.  Throm- 
bosis.— We  have  already  considered  this  subject  so  far  as 
concerns  the  influence  of  the  vessel  wall  upon  thrombosis  and 
the  circulatory  changes  which  are  induced  by  the  presence  of  a 
thrombus  in  a  blood-vessel.  We  must  now  consider  the  formation 
of  a  thrombus  somewhat  more  closely  and  from  the  point  of  view 
of  the  blood  itself. 

According  to  the  difference  of  opinion  as  to  whether  the 
fibrin  ferment  is  formed  from  blood-platelets,  or  is  formed  from 
the  colourless  cells  of  the  blood,  so  the  first  step  in  the  formation 
of  a  thrombus  in  a  blood-vessel  is  differently  described  by  differ- 
ent authors.  According  to  Hayem,  Bizzozero,  and  Eberth  and 
Schimmelbusch,  the  blood-platelets  play  the  principal  part  in  the 
process;  according  to  Zahn,  Cohnheim  and  others,  the  leucocytes 
are  the  all-important  elements.  Eberth  and  Schimmelbusch  main- 
tain that  thrombosis  only  occurs  when  the  blood-stream  is  so  far 
1  This  statement  is  denied  by  some  authors. 
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slackened  that  the  blood-platelets,  which  normally  travel  in  the 
axial  stream,  are  no  longer  confined  to  it,  but  come  into  contact 
with  the  vessel  wall.  They  regard  injury  of  endothelium  alone, 
therefore,  as  not  being  a  sufficient  cause  for  thrombosis ;  to  it  must 
be  added  slackening  of  the  blood-flow.  On  the  other  hand,  mere 
standstill  of  the  blood  is  not  sufficient  to  cause  coagulation,  for 
Baumgarten  showed  long  ago  that  if  a  blood-vessel  be  ligatured 
in  two  places,  and  care  be  taken  not  to  divide  the  intima,  to 
disturb  the  vasa  vasorum  as  little  as  possible,  and  to  carry  out  the 
whole  operation  with  strict  asepsis,  the  included  column  of  blood 
may  remain  fluid  for  weeks  or  months. 

According  to  Eberth  and  Schimmelbusch,  then,  the  first  step  in 
the  formation  of  a  thrombus  is  the  collection  of  a  number  of  blood- 
platelets  at  some  point  on  the  vessel  wall;  these  by  their  disintegra- 
tion give  rise  to  fibrin  ferment,  and  fibrin  is  deposited  along  with 
more  blood-platelets  upon  the  primary  mass.  Thenceforward  the 
increase  in  size  of  the  thrombus  is  easy.  They  allow  that  the 
agglomeration  of  leucocytes,  which,  according  to  Zahn,  is  the  first 
step  in  the  process,  is  to  be  seen,  for  example,  when  inflamed  mes- 
enteric capillaries  and  venules  are  examined  under  the  microscope, 
but  they  maintain  that  these  agglomerations  are  only  temporary, 
and,  therefore,  caunot  be  the  cause  of  thrombus  formation. 

J.  Arnold,  finding  that  particles  of  wheat  meal  injected  into 
the  jugular  vein  very  soon  become  surrounded  by  leucocytes,  has 
suggested  that  perhaps  spontaneous  thrombosis  may  be  brought 
about  by  a  somewhat  different  process  to  that  which  leads  to 
thrombosis  around  an  embolism,  and,  therefore,  that  both  Eberth 
and  Schimmelbusch  and  Zahn  may  be  right. 

Appearance  of  a  Thrombins. — The  macroscopic  appearance  of  a 
thrombus  is  greatly  modified  by  the  rapidity  or  the  slowness  with 
which  it  is  laid  down.  If  a  thrombus  be  laid  down  slowly  (in  a 
vessel,  therefore,  through  which  the  blood  is  passing  with  some 
considerable  degree  of  velocity,  as,  for  example,  on  the  wall  of  a 
saccular  aneurysm),  it  is  of  a  greyish-white  colour,  and  has  a  well- 
marked  laminated  appearance  on  section ;  if  it  is  laid  down  more 
rapidly,  amongst  the  strands  of  fibrin  are  entangled  varying 
numbers  of  red  blood-corpuscles,  which  lend  to  the  mass  a  greyish- 
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red  or  brown  appearance ;  while  if  it  be  laid  down  within  quite  a 
short  time  from  blood  which  is  scarcely  moving,  it  is  red.  Thrombi 
are,  therefore,  spoken  of  as  "  white,"  "  red,"  and  "  mixed."  A  true 
thrombus,  or,  as  it  is  sometimes  called,  an  "  ante-mortem  clot," 
being  deposited  from  blood  which  is  still  in  motion,  has  a  very 
different  appearance  from  a  post-mortem  clot;  the  latter  is 
moister  than  a  thrombus,  is  never  adherent  to  the  vessel  wall, 
and  never  laminated,  though  it  may  show  a  division  into  a  pale 
and  a  dark  portion,  from  the  fact  that  coagulation  has  not  taken 
place  until  the  specifically  heavier  red  blood-corpuscles  for  the 
most  part  have  sunk.  It  is  true  that  at  times  there  is  a 
difficulty  in  distinguishing  simple  blood-clot  from  red  thrombus, 
but  these  are  cases  in  which  the  thrombus  has  been  formed 
during  the  last  hours  of  life,  and  even  then,  on  examining  into 
the  relation  which  the  coagulum  bears  to  the  vessel  wall,  the 
difficulty  usually  disappears. 

Fate  of  Thrombi. — The  ultimate  fate  which  a  thrombus  under- 
goes depends  entirely  upon  whether  it  is  septic  or  aseptic.  If 
septic,  it  must  infallibly  undergo  disintegration,  but  if  aseptic,  it 
may  either  become  organised,  that  is,  replaced  by  vascularised 
fibrous  tissue,  or  it  may  become  the  seat  of  calcification  or  of  simple 
central  softening.  None  of  these  terminations  call  for  prolonged 
consideration  here.  Organisation  may  be  left  for  the  present,  since 
it  will  be  discussed  along  with  the  subject  of  repair;  and  dis- 
integration of  a  septic  thrombus  may  be  passed  over  since  it  offers 
no  differences  from  the  softening  of  tissue  that  accompanies  the 
formation  of  an  abscess.  Concerning  calcification  of  thrombi,  it 
is  only  necessary  to  state  that  it  leads  to  the  formation  of  con- 
cretions which  are  known  as  "  phleboliths "  or  "  vein-stones." 
Phleboliths  are  most  commonly  met  with  in  the  inferior  haemor- 
rhoidal  veins,  when  those  veins  have  become  varicose  and  led  to 
the  formation  of  haemorrhoids  or  "  piles."  As  in  other  situations 
in  the  body,  so  here  the  varicosity  is  a  predisposing  cause  of  throm- 
bosis. Simple  softening  of  thrombi  is  more  commonly  seen  in 
the  large  globular  thrombi  of  the  heart  than  in  any  other  region. 
It  commences  in  the  centre  of  the  thrombus  and  gradually  pro- 
ceeds towards  the  periphery,  converting  the  solid  fibrin  into  a 
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more  or  less  viscid  material  of  creamy  consistency,  the  colour  of 
which  is  yellow  if  the  thrombus  was  originally  white,  or  a  more 
or  less  reddish-brown  if  the  thrombus  was  originally  mixed. 
The  process  is  essentially  a  chronic  one,  and  at  times  the 
amount  of  softened  material  is  so  great,  and  the  wall  formed  by 
the  unaltered  thrombus  is  so  thin,  that  the  sensation  known  as 
"  fluctuation  "  may  be  observed. 

It  is  hardly  necessary  to  repeat  that,  whether  a  thrombus  be 
septic  or  aseptic,  portions  may  be  broken  and  carried  to  distant 
parts  as  emboli. 

Besides  the  local  formation  of  thrombi,  the  blood  generally 
may  show  a  greater  tendency  than  normal  towards  coagulation. 
Experimentally,  this  condition  may  be  induced  in  many  ways. 
Thus,  extensive  and  fatal  intra-vascular  clotting  of  the  blood  takes 
place  after  intra-vascular  injection  of  a  solution  of  nucleo-proteid. 
In  human  pathology  little  is  known  on  the  subject,  but  the  blood 
taken  from  an  inflamed  area  shows  an  increased  tendency  to 
coagulate.  This  very  probably  is  due  to  the  fact,  that  along  with 
the  blood  is  mixed  a  certain  amount  of  inflammatory  exudation 
which  contains  large  numbers  of  leucocytes  or  the  products  of 
their  destruction.  From  experiments  upon  animals  it  is  my 
impression  that  the  blood  increases  in  coagulability  as  its  specific 
gravity  rises. 

Pathological  Diminution  of  Coagulability. — Many  pathological 
conditions  are  known  under  which  the  coagulability  of  the  blood 
is  diminished.  Such  are  the  constitutional  disease  known  as 
haemophilia  and  conditions  in  which  some  toxic  body  is  circulating 
in  the  blood.  Thus,  after  death  from  asphyxia  or  poisoning  by 
carbonic  oxide  gas  or  by  hydrocyanic  acid,  or  from  septicaemia  or 
the  bite  of  venomous  serpents,  the  blood  in  the  heart  and  veins 
may  be  found  fluid  for  as  long  as  twenty-four  hours.  The  blood 
change  in  septicaemia  and  after  bites  from  venomous  serpents  is 
of  particular  interest,  because  the  fact  that  snake  venom  contains 
albumose  and  that  so  many  of  the  toxic  bodies  elaborated  by 
micro-organisms  are  albumoses,  brings  the  retardation  of  coagula- 
tion in  these  cases  close  to  the  retardation  which  is  induced  by 

intra-vascular  injection  of  commercial  peptone ;  whatever  it  may 
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be,  the  cause  of  the  retardation  in  both  cases  is  probably  the 
same. 

It  has  frequently  been  suggested  that  the  bleeding  in  haemo- 
philia is  due  to  diminished  coagulability  of  the  blood.  Judging 
from  the  fact  that  in  some  cases  of  haemophilia,  haemorrhage  can  be 
arrested  by  the  local  application  of  a  solution  of  calcium  chloride, 
and  that  recurrence  of  haemorrhage  can  be  prevented  by  internal 
administration  of  calcium,  it  seems  probable  that  an  insufficient 
supply  of  this  substance  in  the  blood  is  sometimes  the  ultimate 
cause  of  the  characteristic  bleeding.  Much  work  has  been  done  on 
this  point  by  A.  E.  Wright.  But  in  other  cases  neither  local  nor 
internal  administration  of  calcium  produces  the  slightest  effect, 
and  one  therefore  looks  towards  the  organic  factors  of  coagulation 
for  an  explanation,  and  among  them  in  particular  to  the  colourless 
cells  of  the  blood  and  the  blood-platelets.  So  far,  however,  no  satis- 
factory explanation  of  the  "  bleeding  habit "  has  been  given  in  this 
direction,  and  indeed  the  fact  that  profuse  haemorrhages  sometimes 
occur  as  the  result  of  trivial  blows  suggests  that  it  may  not  be  the 
blood  which  is  at  fault  but  rather  the  blood-vessels.  Histological 
changes  have  been  described  in  the  small  blood-vessels  (Kidd), 
and,  according  to  von  Limbeck,  the  cause  is  to  be  sought  in 
some  toxic  substance,  at  present  unknown,  which  alters  the  con- 
stitution of  the  finest  branches  of  the  vessels  in  such  a  way  that 
they  rupture  either  spontaneously  or  from  slight  causes. 

II.  The  Specialised  Elements  of  the  Blood.— (i.)  The 
Red  Cells  of  the  Blood.- — (a)  Varieties  present  in  Blood. — 
Variations  of  red  blood-corpuscles  within  physiological  limits  are 
relatively  few.  It  is  known  that  the  red  corpuscles  are  not  of 
uniform  size,  and  Hayem  distinguished  in  the  blood  of  adults  (1) 
small  or  dwarf  corpuscles  which  have  a  diameter  of  6-6*6  ju,  and 
form  about  12  per  cent,  of  the  red  cells,  (2)  medium-sized  corpuscles 
which  have  a  diameter  of  7*5  jul  and  form  about  75  per  cent,  of 
the  red  cells,  and  (3)  large  or  giant  corpuscles  which  have  a 
diameter  of  8-9  p.  and  form  about  12  per  cent,  of  the  red  cells. 
In  addition  to  these,  there  is  in  normal  blood  a  small  number 
of  irregular  cells  which,  from  their  small  size  (usually  2-5-3  yu), 
are  known  as  microcytes.    Under  pathological  conditions,  the 
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number  of  microcytes  is  apt  to  increase  considerably ;  it  is  prob- 
able that  they  are  merely  disintegration  products  of  red  blood- 
corpuscles.  In  infancy,  besides  the  above-mentioned  varieties, 
giant  corpuscles  (megalocytes)  are  also  to  be  found  with  a 
diameter  of  10  ju  or  more. 

A  distinctly  pathological  condition  is  that  in  which  poiki- 
locytes  are  present.  Poikilocytes  are  degenerated  forms  of  red 
blood-corpuscle  in  which  the  normal  discoidal  outline  of  the 
corpuscle  gives  place  to  an  irregular  spinous  appearance.  The 
corpuscles  are  shrunken,  they  have  to  a  large  extent  lost  their 
normal  tendency  to  form  rouleaux  when  the  blood  is  shed,  but 
they  frequently  remain  more  or  less  bi- concave. 

Another  form  of  degeneration  to  which  red  blood-corpuscles  are 
liable  is  that  which  has  been  studied  especially  by  Maragliano.  It 
consists  in  death  or  necrobiosis  of  the  cell,  whereby  it  loses  that 
elective  receptivity  for  certain  stains  (e.g.,  eosin)  which  charac- 
terises normal  blood-corpuscles  when  a  film  of  dried  blood  on  a 
cover-slip  is  exposed  to  a  mixture  of  stains  (e.g.,  eosin  and  methy- 
lene blue).  vThis  necrobiosis  takes  place  first  in  the  centre  of  the  cell 
and  shows  itself  either  by  an  irregular  or  diffuse  staining,  or  else  by 
a  disappearance  of  the  colouring  matter  of  the  blood  in  this  situa- 
tion, and  the  appearance  on  staining  of  a  colourless  centre  sur- 
rounded by  a  broader  or  narrower  triangular,  circular,  or  elliptical 
outline  of  stained  material.  The  necrobiotic  process  is  accom- 
panied, according  to  Maragliano,  by  active  amoeboid  movements  of 
the  peripheral  portions  of  the  cell,  which  thrusts  out  pseudopodia  ; 
the  corpuscle  ultimately  comes  to  form  a  poikilocyte.  Both 
poikilocytosis  and  necrobiotic  degeneration  are  most  commonly 
met  with  in  cases  of  severe  anaemia  and  in  conditions  in  which 
the  blood-plasma  has  been  altered  by  the  addition  to  it  of 
different  kinds  of  toxic  material,  such  as  chloroform,  weak  acids 
and  alkalies. 

Besides  the  normal  and  degenerated  forms  of  red  blood-cor- 
puscles, in  all  cases  of  anaemia  there  is  to  be  found  a  greater 
or  smaller  number  of  nucleated  red  blood-corpuscles.  Ehrlich 
divides  these  into  normoblasts  and  megaloblasts  or  giganto- 
blasts.    Normoblasts  are  nucleated  red  blood-corpuscles  of  the 
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size  of  a  normal  red  blood-corpuscle ;  the  nucleus  stains  readily 
with  basic  dyes  such  as  methylene  blue,  and  the  cell  body  with  acid 
dyes  such  as  eosin.  As  a  rule,  the  nucleus  is  single,  but  occasion- 
ally more  than  one  is  present,  or  the  single  nucleus  may  be 
multipartite.  Megaloblasts  are  twice  to  four  times  the  size  of 
normoblasts,  contain  much  haemoglobin,  and  differ  (according  to 
Ehrlich)  from  normoblasts  in  that  their  nuclei  are  not  extruded 
from  the  cell  to  form  red  blood- corpuscles,  as  he  believes  is 
the  case  with  normoblasts,  but  degenerate  within  the  cell  and 
are  finally  broken  up.  On  the  breaking  up  of  the  nucleus  the 
megaloblast  becomes  converted  into  a  megalocyte. 

(b)  Numbers 'present  in  Blood. — Speaking  broadly,  it  may  be  said 
that  the  blood  of  a  healthy  adult  man  contains  5,000,000  red 
blood-corpuscles  per  cubic  millimetre,  and  that  the  blood  of  a 
healthy  adult  woman  contains  4,500,000  red  blood-corpuscles  per 
cubic  millimetre.  These  figures,  however,  are  only  approximate, 
for  the  estimations  of  different  authorities  vary  between  such 
wide  limits  as  3,000,000  and  7,000,000  per  cubic  millimetre  ; 
nevertheless,  3,000,000  would  be  by  most  authors  regarded  as 
clear  evidence  of  oligocythemia  and  7,000,000  as  equally  clear 
evidence  of  polycythemia. 

Oligocythemia  naturally  comes  to  be  classed  amongst  the 
anemias  and  it  will  not  be  considered  here,  though  it  must 
be  noted  that  abstinence  from  food,  even  if  short  of  starvation, 
reduces  the  number  of  red  blood-cells  to  a  certain  extent. 

Polycythemia  is  best  seen  in  the  case  of  new-born  infants. 
Schiff  gives  a  table  which  shows  that  the  number  of  red  blood- 
corpuscles  in  a  certain  case  during  the  first  five  days  of  life  was 
above  6,000,000  per  cubic  millimetre.  The  number  on  the 
second  day  of  life  was  nearly  8,500,000,  but  it  rapidly  decreased 
and  reached  the  normal  on  the  sixth  day.  A  relative  degree  of 
polycythemia,  of  course,  exists  in  every  case  in  which  the  volume 
of  the  blood-plasma  is  diminished  from  whatever  cause,  without 
a  corresponding  diminution  in  the  number  of  red  blood-corpuscles ; 
it  is  therefore  probable  that  part,  at  all  events,  of  the  polycy- 
themia of  the  new-born  depends  upon  the  loss  of  fluid  which 
the  child  suffers  upon  the  establishment  of  respiration,  a  loss 
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which  is  not  counterbalanced  during  these  early  days  of  life 
by  a  corresponding  intake. 

The  number  of  red  blood-corpuscles  also  varies  according  to 
the  nutrition  of  the  individual,  the  season  of  the  year,  the  altitude 
at  which  the  individual  lives,  the  climate,  tropical  or  temperate, 
and  (in  the  case  of  women)  during  pregnancy,  lactation  and  at 
the  climacteric.  But  of  these  physiological  variations  it  is  un- 
necessary to  speak,  especially  in  view  of  the  fact  that  upon  the 
whole  subject  there  are  practically  but  three  points  upon  which 
authorities  are  fully  agreed,  and  these  are:  1,  that  polycythemia 
occurs  in  new-born  infants ;  2,  that  polycythemia  occurs  when 
nutritive  conditions  are  extremely  good;  and  3,  that  oligocy- 
themia occurs  when  the  nutrition  is  insufficient. 

(ii.)  The  Colourless  Corpuscles  of  the  Blood.  —  (a) 
Varieties  present  in  Blood. — That  the  colourless  corpuscles  (wan- 
dering cells,  leucocytes)  of  the  blood  are  not  all  of  one  kind  was 
recognised  by  Wharton  Jones  in  1846.  He  divided  them  into 
granular  and  nucleated  cells,  while  he  recognised  further  that 
some  of  the  granules  are  fine,  others  coarse.  Max  Schultze  in 
1865  examined  the  living  cells  on  the  warm  stage  and  described 
(a)  small  round  cells  with  large  nucleus  and  no  amoeboid  move- 
ments ;  (b)  cells  larger  than  (a)  with  more  protoplasm  and  show- 
ing amoeboid  movement ;  (c)  mono-  or  poly-nucleated  cells  with 
fine  granules,  showing  amoeboid  movement,  these  being  the  com- 
monest of  all  the  colourless  blood-cells  ;  (d)  amoeboid  cells  with 
large  numbers  of  coarse  granules.  In  1878  and  the  succeeding 
years  Ehrlich  revolutionised  the  study  of  colourless  cells  by 
showing  that  the  granules  react  in  different  ways  to  staining 
reagents.  He  had  already  found  that  in  staining  by  various 
dyes — principally  derivatives  of  anilin — the  staining  property 
is,  in  some  cases,  associated  with  the  acid  portion  of  the  com- 
pound, sometimes  with  the  basic  portion,  and  sometimes  with 
the  neutral "  salt "  that  is  formed  by  the  combination  of  the  acid 
and  base.  He  therefore  divided  stains  into  acid  (e.g.,  eosin),  basic 
(e.g.,  methylene  blue),  and  neutral  (e.g.,  formed  in  a  mixture  of 
methylene  blue  and  "  acid  fuchsin ").  He  distinguished  the 
granule-bearing  colourless  cells  according  as  their  granules  stained 
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with  one  or  other  of  these  dyes  when  they  were  exposed  to  a 
mixture  of  all  three.  He  described  five  forms  of  granulation, 
which,  in  the  case  of  the  blood,  gave  the  following  classes: — 

(1)  Cells  with  granulation  a. — The  granules  are  large  and 

stain  brilliantly  with  eosin.  These  cells  he  therefore 
called  shortly  "  eosinophil  "  cells. 

(2)  Cells  with  granulation  /3. — The  granules  are  fine  and 

stain  both  with  acid  and  basic  dyes  in  a  mixture  of 
both.  The  cells  are  therefore  termed  "  amphophil "  ; 
these  cells  Ehrlich  found  in  the  rabbit. 

(3)  Cells  with  granulation  y. — The  granules  are  large  but 

not  so  large  as  in  granulation  a,  they  stain  with  basic 
dyes,  and  the  cells  are  therefore  "  basophil "  with  coarse 
granules.  These  cells  are  represented  principally  by 
the  "  Mastzellen,"  large  cells  found  in  connective 
tissue  in  most  vertebrates,  but  represented  in  human 
blood  only  in  certain  cases  of  leuchsemia. 

(4)  Cells  with  granulation  S. — Mononuclear  cells,  the  granules 

of  which  stain  with  basic  dyes  and  are  small. 

(5)  Cells  with  granulation  e. — Polynuclear  cells,  the  granules 

of  which  are  "  neutrophil,"  staining  neither  with  acid 
nor  with  basic  dyes.  These  cells  are  the  most  common 
of  all  haemal  leucocytes. 
Kanthack  and  Hardy,  working  principally  with  the  frog  and 
rat,  have  found  that  the  colourless  cells  of  the  body  differ  accord- 
ing as  their  normal  situation  is  the  blood  or  the  body  cavity, 
with  which  is  included  the  connective  tissue  spaces.  Speaking 
generally,  the  former  or  haemal  wandering  cells  are  characterised 
by  their  smaller  size  and  the  smaller  size  of  their  granules,  the 
latter  or  coelomic  wandering  cells  are  characterised  by  their 
larger  size  and  the  larger  size  of  their  granules.  They  found 
that  Ehrlich  s  "  neutral "  dye  is  not  neutral  but  really  faintly 
acid,  and  that  the  neutrophil  and  amphophil  granulations  are 
really  faintly  acidophil  or  oxyphil.  They  therefore  simplify  the 
classification  of  the  wandering  cells  of  the  body  by  arranging 
them  in  the  following  way1: — 

1  This  classification  is  adopted  in  this  work. 
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c  Finely  granular. 
I.  Oxyphil  cells    j  Coarsely  granular. 

{Finely  granular. 
Coarsely  granular. 

III.  Hyaline  cells. 

IV.  Lymphocytes. 

Metchnikoff,  from  the  phenomenon  which  is  commonly 
observed  among  the  wandering  cells  of  the  body  of  englobing 
foreign  particles  of  various  kinds,  has  named  certain  of  them 
"  phagocytes,"  and  he  distinguishes  two  varieties,  "  macrophages  " 
and  "  microphages."  The  former  are  to  be  met  with  in  a  variety 
of  situations,  and  especially  in  the  liver ;  their  general  appearance 
is  that  of  a  hyaline  or  an  endothelioid  cell.  The  microphages  are 
the  finely  granular  oxyphil  (neutrophil)  cells  of  the  blood. 

Adami,  in  his  article  on  "  Inflammation  "  in  Allbutt's  System  of 
Medicine,  has  drawn  up  a  very  useful  table,  in  which  are  collated 
the  different  classifications  of  the  varieties  of  leucocyte  or 
wandering  cell.    It  is  reproduced  below. 


Collation  of  the  different  classifications  of  the  varieties  of 
leucocytes  {Adami). 


Kanthack  and 
Hardy. 

Ehrlich. 

Metchnikoff. 

Max  Schultze. 

Wharton  Jones. 

Lymphocyte, 
Hyaline  cell, 
Coarsely  granular 
oxyphil  cells, 

Finely    granular  / 
oxyphil  cells,  .  \ 

Coarsely  granular 
basophil  cells, 

Finely  granular 
basophil  cells, 

Lymphocyte, 
Eosinophil  cell, 

Neutrophil  i 
Amphophil  /ceils> 
Basophil  cells  with 

y  -  granulation. 

Mastzellen, 
Basophil  cells  with 
8-granulation, 

Lymphocyte. 
Macrophage. 
Eosinophil 
cell. 

Microphage. 

Small  round  cell  I. 

Large  round  cell  II. 

Cells  with  coarsely 
granular  proto- 
plasm. 

Cells  with  finely  gran- 
ular protoplasm. 

Cells  with  finely  gran- 
ular protoplasm. 

\  Non-granular 
/  nucleated  cells. 
Granule  cells, 
coarsely  gran- 
ular. 
Granule  cells, 
finely  granular. 

?  Granule  cells, 
finely  granular. 

Von  Limbeck  divides  the  wandering  cells  of  the  body  from  the 
clinico-pathological  standpoint  somewhat  differently.  He  makes 
five  divisions : — 

(1)  Eosinophil  cells,  the  nucleus  of  which  is  polymorphous; 
this  group  contains  some  of  Ehrlich's  amphophil  cells. 

(2)  Neutrophil  cells,  which  include  the  greater  number  of  all 
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wandering  cells  of  the  blood  (70-80  per  cent,  both  in  normal 
and  pathological  conditions)  and  also  includes  the  greater  number 
of  lymphocytes. 

(3)  Basophil  cells :  small  cells  of  about  the  size  of  a  red  blood- 
corpuscle,  having  a  round  nucleus  and  coarse  granules  which  are 
smaller  than  eosinophil  granules.  It  is  doubtful  whether  they 
are  present  in  the  blood  of  man  during  health  or  any  disease 
but  leuchsemia,  and  even  in  leuchaemia  they  are  rare. 

(4)  Mastzellen. 

(5)  Medullary  cells  (Markzellen) :  very  large  cells,  the  nuclei  of 
which  are  poor  in  chromatin  and,  therefore,  do  not  stain  deeply, 
and  are  generally  of  sufficient  size  to  occupy  the  greater  portion 
of  the  cell.  These  cells  arise  from  bone-marrow  and  some  of 
them  are  eosinophil. 

(b)  Members  present  under  Physiological  Conditions. — Subject 
to  the  reservations  made  below,  the  number  of  leucocytes  in 
normal  blood  may  be  said  to  be  about  10,000  per  cubic  milli- 
metre. In  human  blood  the  hyaline  cells  and  lymphocytes  con- 
stitute about  20-30  per  cent,  of  the  total  number  of  leucocytes, 
the  finely  granular  oxyphil  cells  constitute  50-70  per  cent.,  and 
the  coarsely  granular  oxyphil  cells  constitute  1-5  per  cent.  It 
is  impossible  to  give  more  definite  proportions  than  the  above, 
as  the  variations  are  very  great,  but  it  may  roughly  be  said  that 
in  human  physiological  blood  the  vast  bulk  of  leucocytes  consists 
of  finely  granular  oxyphil  cells  and  lymphocytes,  and  that  if  the 
proportion  of  the  former  be  low,  there  is  generally  a  greater 
proportion  than  normal  of  lymphocytes. 

Physiological  variations  in  the  numbers  of  leucocytes  are  even 
more  common  than  physiological  variations  in  the  number  of  red 
blood-corpuscles.  Increase  in  the  number  of  leucocytes  is  spoken 
of  under  the  general  name  of  "  leucocytosis,"  and  there  is  a  physio- 
logical and  a  pathological  leucocytosis  as  well  as  one  brought  about 
by  the  action  of  certain  drugs.  A  physiological  leucocytosis  occurs 
in  digestion,  when  the  number  of  leucocytes  in  the  blood  is  fre- 
quently doubled;  here  the  increase  is  principally  due  to  the 
number  of  lymphocytes  which  are  washed  into  the  blood  from 
the  lymphatic  glands  by  the  lymph  and  chyle,  the  amount  of 
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which  and  the  rapidity  of  flow  of  which  are  increased  during 
digestion.  In  starvation  the  number  of  leucocytes  in  the  blood 
diminishes  ("  leucopenia ").  Thus,  in  the  case  of  the  fasting 
man  Succi,  it  was  found  that  the  number  of  leucocytes  in  his 
blood  fell  during  the  first  week  of  his  fast  from  14,530  per  cubic 
millimetre  to  861  per  cubic  millimetre.  In  the  new-born  a 
leucocytosis  constantly  occurs ;  it  is  comparable  to  the  poly- 
cythemia which  we  have  already  described,  and  probably  owns 
somewhat  the  same  explanation.  In  pregnancy  a  leucocytosis, 
though  common,  is  not  invariable.  Pathological  leucocytosis 
and  leucopenia  will  be  considered  later. 

(iii.)  The  Blood-Platelets. — (a)  Characters. — Blood-platelets 
were  first  described  under  that  name  by  Bizzozero  in  1882,  but 
they  are  the  same  elements  as  Hayem  described  in  1877  under 
the  name  of  "  hsematoblasts  "  from  the  function  which  he  ascribed 
to  them.  There  is  no  doubt,  however,  that  they  had  been  recog- 
nised though  not  fully  investigated  by  previous  observers.  They 
are  small  circular  or  ovoid  bodies  having  a  diameter  of  3-3*5  /a, 
and  a  dull,  finely  granular  appearance  ;  they  are  destitute  of  haemo- 
globin, stain  faintly  with  anilin  dyes,  and  are  very  easily  de- 
stroyed. Their  instability  in  the  presence  of  mechanical,  chemical, 
and  thermal  agents,  and  their  tendency  to  club  together  and  to 
attach  themselves  to  red  blood-corpuscles  and  leucocytes  in 
diluted  and  in  undiluted  blood  are  their  principal  characteristics. 
By  Lowit  they  are  regarded  in  part  as  artificial  products  formed 
from  globulin  separated  from  the  blood-plasma,  in  part  as 
destruction  products  of  the  colourless  blood-corpuscles,  but  it 
has  been  shown  by  Laker  and  Bizzozero  that  they  can  be  seen 
circulating  in  the  blood-vessels  of  the  bat's  wing.  It  is  therefore 
generally  acceptecj  that  blood-platelets  are  separate  and  distinct 
elements  of  the  normal  blood.  Lilienfeld,  however,  maintains 
that  the  micro-chemical  reactions  of  blood-platelets  are  iden- 
tical with  those  of  the  nuclei  of  leucocytes,  and  he  therefore 
regards  blood-platelets  as  being  derived  from  the  nuclei  of 
leucocytes. 

(b)  Numbers. — The  number  of  blood-platelets  in  normal  blood 
has  been  variously  estimated  from  180,000  to  500,000  per  cubic 
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millimetre.  Physiological  variations  in  the  numbers  of  blood- 
platelets  have  hardly  been  investigated.  In  pathological  condi- 
tions, apart  from  the  role  which  they  may  play  in  thrombosis 
(and  this  we  have  already  sufficiently  discussed),  it  has  been  found 
by  Afanassiew  and  Fusari,  and  confirmed  by  von  Limbeck,  that  in 
afebrile  anaemias,  especially  when  there  are  signs  of  regeneration 
in  the  blood,  the  blood-platelets  are  increased  in  number.  They 
have  thus  been  found  in  larger  numbers  than  normal  after 
haemorrhage  (Hayem),  and  in  leuchaemia  (Afanassiew  and  Pruss). 
After  poisoning  with  various  blood-poisons  {e.g.,  pyrogallic  acid, 
glycerine,  iodine  solution)  they  diminish  in  number.  With  con- 
sistently high  fever  {e.g.,  typhoid  fever  and  erysipelas,  but  not  in 
tuberculosis  or  pneumonia)  their  number  is,  as  a  rule,  diminished. 
Pizzini  says  that  they  are  diminished  in  numbers  in  all  febrile 
conditions,  and  that  their  diminution  runs  parallel  with  the 
height  of  the  fever  and  the  rapidity  with  which  the  temperature 
rises.  In  malaria,  blood-platelets  sometimes  vanish  completely 
from  the  blood,  but  they  increase  in  number  after  the  fall  of 
temperature  has  taken  place  and  reach  their  maximum  6-7  hours 
after  the  crisis. 

III.  The  Anaemias. — We  now  come  to  discuss  the  clinical 
condition  known  as  anaemia.  Essentially,  this  condition  is  one  in 
which  the  blood  is  present  in  insufficient  quantity,  and  as  the 
clinical  recognition  of  the  existence  of  a  sufficient  amount  of 
blood  in  the  body  was  based  (before  use  of  the  microscope  became 
general  in  medicine)  upon  the  presence  of  a  healthy  pink  colour 
of  the  skin  and  a  full  redness  of  the  mucous  membranes,  so 
anaemia  was  clinically  recognised  by  a  pallor  in  the  same  regions. 
Of  course  anaemia  and  pallor  go  together  in  the  greater  number 
of  cases,  but  it  is  now  known  that  a  considerable  degree  of 
anaemia  may  exist  and  yet  the  colour  of  the  patient  may  not  be 
far  removed  from  the  normal. 

Pallor,  quite  apart  from  the  pallor  due  to  constriction  of 
small  blood-vessels, — and  with  this  condition  anaemia  in  our 
present  sense  of  the  word  has  nothing  to  do, — must  be  due  to  a 
deficiency  of  haemoglobin  in  the  part.    That  deficiency,  it  is 
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obvious,  may  depend  (1)  upon  an  absolute  diminution  in  the 
number  of  red  blood-corpuscles  in  the  part,  the  haemoglobin 
content  of  each  red  blood-corpuscle  which  is  present  being  up 
to  the  standard ;  or  (2)  upon  a  relative  poverty  in  the  amount 
of  haemoglobin  in  each  red  blood-corpuscle,  the  numbers  of  red 
blood-corpuscles  present  being  normal ;  or  (3)  upon  a  combination 
of  the  two  preceding  conditions,  fewer  red  blood-corpuscles,  each 
having  a  lower  haemoglobin  content,  being  present  in  the  part ; 
or  (4)  upon  a  relative  increase  in  the  number  of  leucocytes  in 
the  blood,  the  number  of  red  blood-corpuscles  and  the  amount 
of  haemoglobin  in  each  being  normal ;  or  (5)  upon  a  relative 
increase  in  the  number  of  the  leucocytes,  conjoined  with  either 
a  diminution  in  number  of  the  red  blood-corpuscles  or  a  diminu- 
tion in  the  haemoglobin  content  of  each  corpuscle,  or  with  both 
of  these  latter  conditions. 

The  anaemias  have  been  divided  in  many  ways.  The  most 
common  is  that  by  which  "  primary  "  or  "  essential  "  anaemia  is 
divided  from  "  secondary "  anaemia ;  but  apart  from  the  great 
difficulty  that  an  anaemia  which  is  at  the  present  time  regarded 
as  primary  may  ultimately  come  to  be  considered  as  secondary, 
there  is  the  overwhelming  objection  to  this  mode  of  division 
that  it  unites  under  one  heading  varieties  of  anaemia  that 
are  pathologically  distinct.  A  simple,  as  well  as  a  fairly  satis- 
factory, basis  for  division  can  be  found  in  the  microscopical 
appearance  of  the  blood  in  different  cases.  In  some  cases,  the 
point  which  arrests  attention  is  that  the  number  of  leucocytes 
seen  in  any  field  of  the  microscope  is  greatly  increased,  in  others 
this  increase  in  the  number  of  leucocytes  is  not  noticed.  No 
doubt  there  are  numerous  gradations  between  these  two  ex- 
tremes, but  since  the  difference  on  this  point  is  usually  well- 
marked,  and  since  it  corresponds  to  other  marked  pathological 
differences,  it  is  convenient  to  take  this  definite  fact  as  the  basis 
of  our  division,  and  to  consider  the  anaemias  according  as  this 
most  striking  change  of  the  blood  is  present  or  absent.  We  shall 
therefore  divide  the  anaemias  into  two  great  classes  as  follows : — 

Group  I. — Anaemias  in  which  marked  changes  in  the  numbers 
or  characters  of  the  white  blood-corpuscles  are  absent. 
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Group  II. — Anaemias  in  which  marked  changes  in  the  numbers 
or  characters  of  the  white  blood-corpuscles  are  present. 

It  is  necessary  to  look  closely  into  the  kind  of  case  that 
each  of  these  groups  represents.  With  regard  to  the  first,  it  is 
clear  that  the  leucocytes  may  be  left  out  of  consideration 
entirely,  and  it  might  be  thought  that  it  would  be  simpler  to 
describe  the  group  as  anaemias  depending  upon  changes  in  the 
red  blood-corpuscles.  But  a  closer  examination  of  the  anaemias 
included  under  Group  II.  shows  that  such  a  definition  for  the 
anaemias  of  Group  I.  would  be  unsatisfactory,  since  it  is  obvious 
that  nothing  whatever  is  said  or  even  implied  concerning  the 
red  blood-corpuscles  by  the  definition  that  has  been  given  for 
the  anaemias  of  Group  II.  And,  as  a  matter  of  fact,  though  in 
anaemias  of  Group  II.  the  leucocytic  changes  are  so  marked  as 
almost  to  detract  attention  from  the  changes  in  the  red  blood- 
corpuscles,  yet  it  is  found,  when  special  attention  is  paid  to  the 
point,  that  in  a  very  large  number  of  cases  belonging  to  this  group, 
the  erythrocytic  changes  are  as  extreme  as  in  many  of  the  anaemias 
of  Group  I.  However,  there  is  no  doubt  that,  in  discussing  the 
anaemias  of  Group  L,  it  will  be  necessary  to  consider,  above  all,  the 
red  blood-corpuscles,  and  that,  when  discussing  the  anaemias  of 
Group  II.,  the  white  blood-corpuscles  will  chiefly  call  for  atten- 
tion ;  but  it  must  be  remembered  that  the  changes  in  red  blood- 
corpuscles  will  be  dismissed  summarily  in  the  latter  case,  not  be- 
cause they  are  ill-marked  or  unimportant,  but  because  they  are 
identical  with  those  changes  which  will  have  been  discussed  fully 
along  with  the  anaemias  of  Group  I.  All  forms  of  anaemia  of  any 
severity,  without  exception,  are  accompanied  by  erythrocytic 
changes,  but  in  some  leucocytic  changes  are  unimportant,  in 
others  they  are  highly  important. 

(i.)  Group  I— Anaemias  in  which  marked  Changes  in  the 
Numbers  or  Characters  of  the  White  Blood-Corpuscles 
are  Absent. — Since  the  anaemias  of  Group  I.  essentially  depend 
upon  changes  in  the  red  blood-corpuscles,  they  may  be  regarded 
from  two  points  of  view :  either  from  that  of  the  number  of  red 
blood-corpuscles  present,  or  from  that  of  the  haemoglobin  content 
of  the  red  blood-corpuscles  themselves.    It  is  obvious  that  either 
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of  these  conditions  might  exist  independently  of  the  other.  Thus 
the  anaemia  found  during  the  first  few  hours1  after  a  sudden 
profuse  haemorrhage  has  taken  place,  is  due  solely  to  a  diminu- 
tion in  the  number  of  red  blood-corpuscles  present  in  each 
cubic  millimetre  of  blood ;  the  amount  of  haemoglobin  in  each 
corpuscle  that  remains  is  up  to  the  normal  standard.  But  the 
anaemia  of  young  women,  which  is  known  as  "  chlorosis," 
frequently  depends  simply  upon  a  diminution  in  the  amount  of 
haemogoblin  contained  in  each  red  blood-corpuscle,  the  number 
of  corpuscles  being  normal. 

It  would  be  very  convenient  if  such  a  distinction  could  be  used 
to  sharply  subdivide  the  anaemias  of  Group  I.,  but  unfortunately 
for  our  purpose  this  is  only  possible  to  a  limited  extent.  In  many 
cases  where  the  number  of  red  blood-corpuscles  is  diminished  to 
any  considerable  extent,  the  haemoglobin  content  of  each  corpuscle 
sooner  or  later  becomes  lowered  also, — not  only  is  oligocythaemia 
present,  but  oligochromaemia  is  present  also.  One  cannot  even 
place  the  conditions  of  the  blood  which  are  brought  about  by 
haemorrhage  in  a  class  by  themselves  in  this  respect,  for  the 
question  of  the  presence  or  the  absence  of  oligochromaemia 
largely  depends  upon  the  manner  in  which  haemorrhage  has 
taken  place  and  the  length  of  time  that  elapses  between  the 
cessation  of  haemorrhage  and  the  examination  of  the  blood. 
Nevertheless  it  is  necessary  to  divide  the  subject  in  some  way 
for  purposes  of  description,  and  after  the  cautions  that  have  been 
given  it  is  not  likely  to  cause  misconception  if  we  subdivide 
Group  I.  into  (A)  Anaemias  in  which  the  principal  change  is  a 
diminution  in  the  number  of  red  blood-corpuscles,  and  (B) 
Anaemias  in  which  the  principal  change  is  a  diminution  in  the 
haemoglobin  content  of  the  individual  red  blood-corpuscles. 

A.  The  Principal  Change  is  a  Diminution  in  the 
Number  of  the  Red  Blood-Corpuscles. — When  haemorrhage 
leads  to  anaemia  it  is  of  necessity  either  profuse  or  long-con- 

1  Sherrington  and  Copeman  found  in  the  rabbit  that  the  number  of  red  cor- 
puscles in  blood  is  not  at  its  minimum  until  15-25  minutes  after  cessation  of 
hemorrhage.  Bizzozero  and  Salvioli  (cited  by  these  authors)  found  that  the 
minimum  does  not  occur  till  24-48  hours  have  elapsed.  My  own  observations  on 
oedema,  etc.,  indirectly,  but  strongly,  support  Sherrington  and  Copeman. 
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tinued.  Among  the  profuse  haemorrhages  those  in  which  the 
blood  comes  from  an  artery  are  the  most  important.  The  artery 
may  be  opened  by  an  injury  such  as  a  stab  or  cut,  or  may  be 
opened  by  an  ulcerative  process ;  of  the  latter  kind  are  the 
haemorrhage  which  occurs  in  the  rupture  of  an  aneurysm,  the 
haemorrhage  into  the  stomach  occurring  in  chronic  gastric  ulcer 
(haematemesis),  the  haemorrhage  into  the  intestines  sometimes 
seen  in  the  later  stages  of  typhoid  fever  and  leading  to  melaena, 
the  haemorrhage  which  occurs  during  the  necrosis  of  a  malignant 
growth,  etc.  In  such  cases  the  loss  of  blood  may  be  so  great  as 
to  be  fatal  within  a  few  minutes,  but  it  may  be  arrested  by 
natural  or  by  surgical  means  after  producing  a  more  or  less 
severe  degree  of  anaemia.  Of  course  it  is  immaterial  in  this 
respect  whether  the  bleeding  be  external,  as  in  the  case  of 
haemorrhage  from  the  carotid  in  a  case  of  cut  throat,  or  internal, 
as  in  the  case  of  rupture  of  an  abdominal  aneurysm.  A  large 
amount  of  blood  may  also  be  lost  when  the  bleeding  does  not 
take  place  from  an  artery  as  in  the  examples  given  above.  Cases 
of  this  kind  are  to  be  seen  in  haemorrhage  from  congested  tissues  ; 
such  are  some  forms  of  haematemesis  occurring  in  cirrhosis  of  the 
liver,  haemorrhage  from  rupture  of  a  varicose  vein,  haemorrhage 
from  rupture  of  a  tubal  gestation.  In  other  cases  anaemia  is 
produced,  not  so  much  because  the  haemorrhage  is  profuse,  as 
because  it  continues  for  a  considerable  length  of  time ;  thus  the 
oozing  of  blood  from  capillaries  in  haemophilia  and  in  monor- 
rhagia and  metrorrhagia  (in  which  the  blood  comes  from  a  con- 
gested uterine  mucous  membrane  in  quantities  that  are  not  ex- 
cessive in  themselves,  but  in  which  the  loss  of  blood  extends 
over  weeks  and  months)  are  of  this  kind.  So,  too,  is  the 
anaemia  which  results  from  the  presence  of  certain  entozoa 1  in 

1  The  entozoon  of  chief  importance  in  this  connection  is  Anchylostomum 
duodenale,  a  nematode  worm  6-10  mm.  in  length,  which  has  a  head  provided  with 
two  strong  jaws.  By  these  it  attaches  itself  to  the  mucous  membrane  of  the 
duodenum,  jejunum  or  ileum,  and  lives  on  the  blood  of  its  host,  which  it  sucks 
therefrom.  After  awhile  it  drops  off,  but  bleeding  continues  from  the  small 
incision  which  it  has  made.  It  is  the  subsequent  haemorrhage  which  takes  place 
into  the  bowel  from  these  lesions,  and  not  the  amount  of  blood  which  the  parasite 
itself  abstracts,  that  is  the  essential  cause  of  the  ultimate  anaemia  which  results. 
The  number  of  parasites  present  in  the  host  is  very  variable  ;  numbers  from  24 
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the  intestine.  All  these  forms  of  haemorrhage  may  produce  the 
most  extreme  blanching,  and  in  all  the  essential  condition  of 
the  blood  is  the  same.  It  consists  in  an  absolute  diminution  in 
the  number  of  red  blood-corpuscles,  an  absolute  increase  in  the 
amount  of  blood-plasma,  a  lowering  of  the  specific  gravity  of  the 
blood  and  of  the  blood-plasma.  Thus,  instead  of  five  million 
red  blood-corpuscles  per  cubic  millimetre  of  blood,  three,  two, 
one,  or  even  less  than  one  million,  may  be  present ;  the  blood- 
plasma  may  have  a  specific  gravity  of  1021  instead  of  about  1026; 
and  the  specific  gravity  of  the  blood  may  be  1035  instead  of  1058. 

Immediately  after  a  profuse  haemorrhage  has  taken  place  the 
haemoglobin  content  of  the  individual  corpuscle  is  normal,  but 
after  a  short  lapse  of  time,  and  at  all  times  during  the  existence 
of  anaemia  due  to  protracted  small  haemorrhages,  it  is  found 
that  the  haemoglobin  content  of  the  blood  is  diminished.  The 
following  marked  examples  of  this  condition  are  given  by 
Zappert 1  in  the  case  of  anaemia  due  to  the  presence  of  Ancliylo- 
stomum  duodenale  in  the  intestine. 

(1)  4,350,000  red  blood-corpuscles  per  cubic  mm.  with  50  p. c.  hemoglobin  present. 

(2)  2,490,000  ,,  ,,  ,,  25 

(3)  4,384,000  „  „  „  40 

(4)  3,204,000  „  „  „  40 

(5)  4,272,000  „  „  „  30 

to  500  have  been  counted  after  the  death  of  the  patient.  This  form  of  anemia  is 
common  in  Egypt  and  Brazil,  but  sporadic  cases  or  even  small  epidemics  have 
been  recorded  in  various  parts  of  Europe,  especially  in  Italy  and  Switzerland. 
One  of  the  best  known  of  these  epidemics  occurred  among  the  Italian  labourers 
during  the  building  of  the  St  Gothard  tunnel.  It  is  difficult  to  understand  how 
the  anemia  can  be  so  profound  as  it  undoubtedly  is  in  these  cases,  if  one  is 
restricted  to  the  belief  that  the  action  of  the  parasite  is  confined  to  the  forma- 
tion of  a  small  puncture  in  the  mucous  membrane.  One  would  reasonably  expect 
that  the  amount  of  blood  lost  by  subsequent  hemorrhage  into  the  intestine  even 
from  500  punctures  in  the  mucous  membrane  would  be  comparatively  small, 
though  no  doubt  it  must  be  remembered  that  fresh  punctures  are  constantly 
being  made.  Bearing  in  mind  the  effect  of  injecting  leech-extract  into  the  circu- 
lation of  an  animal,  it  is  at  all  events  conceivable  that  the  anchylostomum  not 
only  withdraws  blood  from  its  host  but  also  injects  into  him  some  substance 
which  diminishes  the  coagulability  of  his  blood.  Under  those  conditions  a  state 
akin  to  that  which  probably  obtains  in  some  cases  of  hemophilia  would  be 
present  and  the  greatness  of  the  hemorrhage,  combined  with  the  smallness  of  the 
lesion,  would  be  explicable.  Other  entozoal  causes  of  anemia;  such  as  Bothryo- 
cephalus  latus  and  Anguillula  intestinalis,  do  not  call  for  special  remark  here. 
1  Cited  by  von  Limbeck,  Path.  d.  Blutes. 
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If  the  case  does  not  end  fatally,  within  a  very  short  time  the 
appearance  of  normoblasts  and  megaloblasts  in  the  blood  gives 
evidence  of  a  commencing  regeneration  of  red  blood-corpuscles ; 
megaloblasts  are  less  commonly  seen  than  normoblasts,  and 
according  to  Ehrlich  their  presence  is  an  indication  that  the 
regenerative  process  is  not  proceeding  upon  absolutely  normal 
lines.  As  the  number  of  red  blood-corpuscles  increases  and  the 
anaemia  disappears,  so  the  normoblasts  diminish  in  numbers. 
In  some  cases  the  nucleated  red  blood-corpuscles  seem  to  be 
ejected  into  the  blood  periodically.  Poikilocytosis  is  also 
observed  but  far  less  commonly  than  under  certain  other  anaemic 
conditions.  According  to  von  Limbeck  (loc.  cit.,  p.  345),  the 
leucocytes  in  haemophilia  undergo  a  slight  and  transitory  increase 
in  numbers,  and,  as  will  be  seen  later,  after  a  considerable  amount 
of  blood  has  been  lost,  from  whatever  cause,  there  is  a  leucocytosis 
lasting  for  two  or  three  days.  As  in  most  of  the  other  forms  of 
anaemia,  the  number  of  blood-platelets  is  increased. 

The  anaemias  that  have  been  mentioned  above,  all  depend 
upon  conditions  in  which  blood  is  completely  lost  to  the  body  by 
the  opening  of  a  blood-vessel,  whether  artery,  vein  or  capillary, 
and  in  such  cases  the  red  blood-corpuscles  are  lost  as  such.  But 
in  certain  other  conditions  there  occurs  a  definite  destruction  of 
blood-corpuscles  within  the  blood-vessels  themselves.  The  best 
example  of  this  class  of  case  is  seen  in  malaria,  but  it  also  occurs 
when  certain  toxic  substances,  such  as  bile  acids,  toluylene- 
diamin,  etc.,  are  circulating  in  the  blood.  There  is  also  reason 
to  believe  that  blood  destruction  occurs  in  the  so-called  progres- 
sive pernicious  anaemia. 

In  malaria  the  red  blood-corpuscles  are  actually  destroyed  by 
animal  parasites 1  and  the  process  of  destruction  can  be  followed 

1  The  protozoa  of  malaria  are  generally,  but  not  universally,  regarded  at  the 
present  day  as  being  of  several  kinds.  Of  these  the  most  important  are  :  (1)  the 
parasite  of  typical  quartan  ague,  (2)  that  of  typical  tertian  ague,  (3)  that  of  sestivo- 
autumnal  fever.  These  parasites  present  differences  amongst  themselves  into  which 
it  is  impossible  to  enter  here,  but  the  principal  difference,  and  that  upon  which 
the  length  of  the  afebrile"state  of  the  patient  depends — for  it  is  immediately  before 
the  rise  of  temperature  which  ushers  in  the  ague  fit  takes  place,  that  the  parasites 
are  recognised  in  greatest  numbers  in  the  blood — has  reference  to  the  length  of 
time  which  the  parasite  requires  for  the  completion  of  the  cycle  of  its  life  history. 
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microscopically  in  all  its  stages.  During  the  growth  of  the 
parasite  within  the  red  blood-corpuscle,  the  haemoglobin  is  con- 
verted into  an  iron-free  pigment  known  as  melanin,  and  the 

After  overcoming  a  considerable  amount  of  opposition,  the  three  types  under 
which  Laveran  described  the  parasite  as  occurring,  are  now  generally  recognised. 
He  distinguished  spherical  bodies  (plasmodia),  crescentic  bodies,  and  flagellate 
bodies.  The  relation  of  these  forms  to  one  another  is  now  fairly  well  established, 
and  it  is  known  that  they  correspond  with  different  stages  in  the  life  history  of 
the  same  parasite.  There  is  little  doubt,  however,  that  Laveran's  original  view, 
that  only  one  variety  of  malaria  parasite  exists,  is  incorrect.  The  spherical  bodies 
are  the  most  numerous  of  all  forms  met  with  in  the  blood.  They  are  young  forms 
of  the  parasite,  have  a  diameter  varying  between  1  ^  and  7  and  multiply  by 
sporulation,  the  spores  frequently  being  arranged  in  a  ring  and  producing  the 
"  rosette  "  form  described  by  Golgi.  The  smallest  and  youngest  spherules  have  a 
hyaline  protoplasm,  but  the  older  parasites  invariably  contain  granules  of  melanin. 
The  protozoon  inhabits  a  red  blood-corpuscle,  lives  at  the  expense  of  its  haemo- 
globin, increases  in  size,  multiplies  by  endogenous  sporulation,  and  ultimately, 
by  rupture  of  the  blood-corpuscle  and  the  protozoon,  the  individual  sporules  are 
set  free.  The  parasite  is  therefore  found  under  endoglobular  and  ectoglobular 
conditions.  Crescentic  forms  are  not  met  with  in  all  cases  of  malaria.  Their 
length  is  8-9  /u,  and  their  greatest  breadth  2  p.  They  are  found  either  free  in  the 
blood-plasma  or  adherent  to  red  blood-corpuscles.  They  almost  invariably  show 
pigment  granules  in  the  middle  third.  Occasionally  they  develop  into  elliptical 
forms.  Since  crescentic  bodies  remain  in  the  blood  for  days  or  weeks  after 
spherules  have  disappeared  either  spontaneously  or  as  the  result  of  medicinal 
treatment,  since  they  undergo  no  development  in  the  red  blood-corpuscles,  and 
since  they  may  become  flagellate,  Manson  regards  them  as  the  form  in  which  the 
life  of  the  species  is  carried  on  outside  the  human  body.  Flagellate  bodies  are 
less  commonly  observed  than  either  of  the  others,  but  Manson  believes  that  they 
are  to  be  found  in  all  cases  if  certain  precautions  be  taken.  They  are  always  ecto- 
globular, and  on  making  a  fresh  microscopic  preparation  of  the  blood  are  not  seen 
at  first,  but  become  visible  about  fifteen  minutes  after  the  blood  has  been  shed. 
They  are  spherical  and  are  provided  with  from  one  to  four  flagella,  whose  length 
frequently  is  3-4  times  the  diameter  of  a  red  blood-corpuscle.  By  means  of  the 
lashing  movements  of  the  flagella,  the  organism  swims  freely  in  the  blood-serum 
of  the  preparation.  Either  spherical  or  crescentic  bodies  may  become  converted 
into  flagellate  bodies.  The  parasite  has  never  been  cultivated  outside  the  body,  nor 
has  it  been  found  possible  to  convey  the  disease  to  other  animals  than  man,  by 
inoculating  with  blood  from  a  patient  who  is  suffering  from  malaria  and  whose 
blood  contains  one  or  other  variety  of  the  parasite!^*  That  it  can  carry  on  an  exist- 
ence outside  the  human  body  is  certain,  but  whether  that  existence  is  active  or 
resting,  whether  it  is  connected  with  earth,  air,  or  water,  or  with  other  animals 
{e.g.,  the  mosquito,  as  Manson  suggests),  it  is  impossible  at  present  to  say. 
Judging  from  the  fact  that  the  regions  in  which  malaria  is  endemic  are  marshy, 
it  seems  probable  that  water  plays  an  important  part  in  the  life  history  of  the 
parasite.  But  in  spite  of  numerous  attempts  and  positive  assertions  to  the  con- 
trary, the  protozoon  has  never  been  found  except  in  the  blood  of  patients  suffering 
from  the  disease.  Nevertheless,  Ross,  following  up  Manson's  suggestion,  has 
found  the  protozoa  in  the  stomachs  of  mosquitoes  engorged  with  the  blood  of 
malarial  patients,  and  says  that  he  has  given  malaria  to  healthy  men  by 
administering  to  them  water  in  which  malariated  mosquitoes  have  died. 
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corpuscles  themselves  are  broken  up.  The  presence  of  melanin 
granules  in  the  body  of  the  parasite  shows  that  it  lives  at  the 
expense  of  the  haemoglobin.  It  follows,  therefore,  that  a 
deficiency  of  red  blood-corpuscles  is  produced,  and  long  before 
the  micro-organism  of  malaria  was  discovered  by  Laveran  in 
1880  it  was  recognised  that  malaria  is  one  of  the  most  impor- 
tant causes  of  anaemia.  The  diminution  in  number  of  the  red 
blood-corpuscles  may  be  so  great  that  not  more  than  500,000  per 
cubic  millimetre  are  present.  Eeduction  to  2,500,000  is  by  no 
means  uncommon.  The  destruction  of  corpuscles  takes  place 
essentially  during  the  periodic  "  ague-fit,"  and  the  number  that 
is  destroyed  depends  upon  the  severity  of  the  attack  ;  it  has  been 
found  (Dionisi  and  others)  that  a  single  ague-fit  may  lead  to  a 
destruction  which  varies  between  200,000  and  1,000,000  cor- 
puscles per  cubic  millimetre.  As  a  rule,  when  the  disease  lasts 
some  time,  it  is  found  that  the  haemoglobin  content  of  the  cor- 
puscles that  are  undestroyed  after  an  attack  is  diminished  also, 
and  therefore  in  the  later  stages  of  malaria,  oligochromaemia  as 
well  as  oligaemia  is  present. 

With  regard  to  the  leucocytes  there  is  a  general  agreement 
that  neither  during  malarial  attacks  nor  in  the  intervals  between 
them  is  there  any  increase  in  their  numbers ;  in  some  cases, 
indeed,  a  diminution  has  been  noted.  On  the  other  hand, 
Billings  found  that  sometimes  in  the  post-febrile  stages  of  severe 
malaria  a  marked  increase  in  the  number  of  leucocytes  occurs. 
Thus  he  mentions  cases  in  which  30,000-40,000  were  present 
per  cubic  millimetre.  Such  cases,  however,  are  uncommon,  but 
when  they  occur  the  leucocytes  are  found  to  contain  large 
numbers  of  melanin  granules.  It  has  already  been  stated  that 
during  the  height  of  a  severe  ague-fit,  blood-platelets  may  com- 
pletely disappear  from  the  blood,  and  that  they  undergo  a 
remarkable  increase  in  numbers  after  the  temperature  of  the 
patient  has  fallen. 

Toxic  Ancemias. — Anaemia,  resulting  from  the  direct  action  of 
some  toxic  substance,  the  nature  of  which  is  known,  is  of  com- 
paratively rare  occurrence,  unless  the  poison  have  been  circulating 
in  the  blood  for  some  considerable  time.   It  occurs  in  chronic 
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poisoning  by  lead  and  arsenic,  but  it  is  open  to  doubt  whether 
these  cases  should  be  considered  in  the  present  connection.  As  the 
result  of  acute  poisoning,  however,  by  such  substances  as  chlorate 
of  potassium  and  arseniuretted  hydrogen  in  man  and  animals,  and 
acute  poisoning  by  intra-vascular  injection  of  a  variety  of  sub- 
stances, such  as  glycerine,  toluylenediamin,  bile  acids,  in  experi- 
mental work  upon  animals,  it  is  found  that  anaemia,  as  represented 
by  the  microscopical  examination  of  the  blood,  may  exist  to  an  ex- 
treme degree.  In  all  the  examples  given  the  red  blood-corpuscles 
are  affected ;  either  they  are  directly  broken  up,  or  more  commonly 
they  lose  their  haemoglobin,  which  then  becomes  dissolved  in  the 
blood-plasma.  These  acute  poisonings  are,  therefore,  accompanied 
by  other  symptoms  than  anaemia,  the  most  important  of  which  are 
haemoglobinuria  and  jaundice.  But  besides  haemoglobin  and  bile- 
pigments,  other  products  of  the  destruction  of  the  colouring  matter 
of  the  blood  (e.g.,  urobilin)  may  find  their  way  into  the  urine,  or 
may  be  deposited  in  some  of  the  tissues.  The  fact  that  anaemia,  in  a 
very  marked  degree,  is  frequently  seen  in  cases  of  acute  infective 
disease,  suggests  that  in  these  cases  a  blood  destruction  occurs 
analogous  to  that  which  can  be  produced  by  the  intra-vascular 
injection  of  different  toxic  bodies  into  animals.  Moreover,  the 
possibility  that  this  is  the  case  is  further  supported  by  the  fact 
that,  in  these  same  acute  infective  diseases,  the  amount  of  pig- 
ment present  in  the  urine  is  commonly  greater  than  normal. 

The  microscopical  appearances  of  the  blood  in  cases  of  acute 
toxic  poisoning,  of  course,  differs  according  to  the  action  of  the 
haemolytic  agent.  If  the  haemoglobin  be  dissolved  from  the  red 
blood-corpuscles,  but  the  corpuscles  themselves  be  not  broken  up, 
we  have  a  form  of  anaemia  such  as  will  be  discussed  later ;  but  if 
the  corpuscles  be  definitely  broken  up  (toluylenediamin),  the 
number  of  red  blood-corpuscles  is  diminished,  irregular  forms 
are  seen  in  the  blood,  and  later,  all  the  varieties  of  blood-cell 
met  with  in  regeneration  of  blood  are  found.  It  is  this  latter 
variety  of  toxic  action  which  is  of  especial  importance  in  con- 
nection with  anaemias  in  which  the  number  of  red  blood-corpuscles 
is  diminished ;  and  it  is  of  the  greater  interest,  in  that  the  disease 
known  as  progressive  pernicious  anaemia  bears  many  resemblances 
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to  anaemia  of  this  type.  Though  it  is  clear  that  toxic  substances 
act  in  different  ways  upon  the  blood,  the  subject — though  impor- 
tant— is  one  concerning  which  very  little  is  known. 

Progressive  pernicious  anaemia  differs  clinically  from  the 
varieties  of  anaemia  that  we  have  hitherto  considered  in  that  it 
apparently  always  proceeds  to  a  fatal  termination,  that  it  is 
especially  liable  to  affect  males,  and  that  it  resists  medicinal 
treatment,  to  which  many  other  forms  of  anaemia  are  often  readily 
amenable.  In  the  blood  of  patients  suffering  from  pernicious 
anaemia  are  to  be  found  all  those  varieties  of  corpuscles  that  are 
found  in  other  cases  of  severe  anaemia ;  thus,  along  with  an  exces- 
sive diminution  in  the  number  of  red  blood-corpuscles,  there  is  the 
presence  of  poikilocytes,  microcytes,  megalocytes,  normoblasts, 
megaloblasts.  The  number  of  red  blood-corpuscles  present  is 
usually  very  small ;  Quincke  published  in  a  case  of  this  disease 
the  smallest  number — 143,000 — of  red  blood-corpuscles  per  cubic 
millimetre  that  I  have  found  recorded.  As  in  other  cases  of 
severe  anaemia,  in  which  the  number  of  red  blood-corpuscles  is 
very  greatly  decreased,  the  haemoglobin  content  of  the  corpuscles 
that  remain  may  be  up  to  the  normal  standard,  indeed  in  some  cases 
it  is  above  the  normal.  It  was  thought  at  one  time  that  this 
diminution  in  the  number  of  red  blood-corpuscles,  with  relative 
richness  in  haemoglobin,  constituted  a  characteristic  feature  of  per- 
nicious anaemia,  but  this  is  now  known  not  to  be  the  case.  Per- 
nicious anaemia  is  certainly  associated  with  marked  destruction  of 
red  blood-corpuscles.  For,  as  Quincke  and  others  have  shown, 
there  is  a  deposit  of  iron  in  the  liver,  spleen,  kidneys,  which  can 
only  be  regarded  as  arising  from  the  disintegration  of  haemoglobin ; 
moreover,  the  disease  is  not  infrequently  accompanied  by  the  pre- 
sence of  slight  degrees  of  jaundice,  and  an  excessive  amount  of 
altered  blood-pigment  (especially  urobilin)  in  the  urine  is  a  very 
constant  feature.  Ehrlich  is  inclined  to  regard  the  large  number 
of  megalocytes  present  in  the  blood  as  characteristic  of  pernicious 
anaemia.  No  change  is  to  be  noticed,  as  a  rule,  in  the  numbers 
or  characters  of  the  leucocytes,  but  the  blood-platelets  are 
frequently  present  in  greatly  increased  numbers.  The  specific 
gravity  of  the  blood  is  very  considerably  lower  than  normal.  In 
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five  cases  Lloyd  Jones  found  that  it  lay  between  1029  and 
1040. 

B.  Anaemias  in  which  the  Principal  Change  is  a 
Diminution  in  the  Haemoglobin  Content  of  the  Red 
Blood-Corpuscles. — The  most  important  variety  of  anaemia 
that  depends  upon  a  diminution  in  the  haemoglobin  content  of 
the  red  blood- corpuscles  is  that  which,  from  the  peculiar  greenish 
hue  which  it  confers  on  the  patient,  is  known  as  "  chlorosis." 
This  condition  is  most  commonly  met  with  in  young  women,  and 
is  probably  to  be  regarded,  as  Lloyd  Jones  suggests,  as  an  exces- 
sive manifestation  of  that  fall  in  specific  gravity  of  the  blood 
which  he  has  shown  to  be  normal  in  women  about  the  age  of 
puberty.  It  is  about  the  same  period  of  life  that  chlorosis  occurs, 
only  the  fall  in  specific  gravity  of  the  blood  in  chlorosis  is 
much  greater  than  normal.  Not  infrequently  the  specific  gravity 
of  the  blood- plasma,  or  rather  the  blood- serum,  is  higher  than 
normal,  and  this  must  probably  be  ascribed  to  a  greater  per- 
centage composition  of  proteid. 

In  this,  as  in  so  many  other  forms  of  anaemia,  oligocythaemia 
and  oligochromaemia  are  often  associated,  but,  as  is  shown  by  an 
average  of  fifty-five  estimations  in  fifteen  cases 1  made  by  various 
authors  and  collected  in  a  table  by  von  Limbeck  (loc.  czY.,pp.  305-6), 
the  haemoglobin  content  of  the  corpuscles  is  reduced  to  a  far  greater 
extent  than  is  the  number  of  red  blood-corpuscles  themselves. 
Thus  the  average  of  the  fifty-five  estimations  gives  the  number  of 
red  blood-corpuscles  in  chlorosis  as  3,220,000  per  cubic  millimetre, 
and  the  haemoglobin  content  of  the  corpuscles  as  42*2.  That  is  to 
say,  the  diminution  in  the  number  of  corpuscles  is  about  38  per 
cent,  of  the  normal,  but  the  diminution  in  the  amount  of  haemo- 
globin in  each  corpuscle  that  remains  is  about  58  per  cent. 
These  figures  accord  well  with  the  fact  that  in  no  inconsiderable 
number  of  cases  oligocythaemia  is  absent,  and  the  anaemia  is 
therefore  entirely  due  to  oligochromaemia. 

So  far  as  the  chemical  composition  of  the  blood  is  concerned, 

1  Some  complication  is  introduced  in  this  average  by  the  fact  that  many  of  the 
estimations  were  made  while  the  patients  were  in  hospital  and  were  improving 
as  the  result  of  treatment. 
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Biernacki  finds  that  in  chlorosis  the  percentage  of  water  is  in- 
creased, the  chlorine  is,  as  a  rule,  increased,  potassium  is  dimin- 
ished, sodium  is  increased,  iron  is  sometimes  normal,  sometimes 
diminished.  With  reference  to  the  red  blood-corpuscles  them- 
selves, he  finds  that  the  percentage  of  iron  is  frequently  raised, 
whence  he  concludes  that  it  is  not  a  deficiency  in  iron  but  a 
deficiency  in  proteid  that  characterises  the  blood-corpuscles  in 
chlorosis.  In  this  connection  it  is  interesting  to  note  that 
Haldane  and  Lorrain  Smith  have  found  that  the  oxygen  capacity 
of  red  blood-corpuscles  differs  greatly  in  different  layers  of  one 
specimen  of  centrifugalised  blood  (ox,  dog).  It  is  possible  that 
this  observation  may  have  an  important  bearing  upon  anaemia  of 
the  chlorotic  type. 

One  point  of  importance  in  reference  to  chlorosis  is  that 
recognisable  signs  of  destruction  of  corpuscles  are  almost  com^ 
pletely  absent,  whether  on  microscopical  examination  of  the  blood 
or  tissues,  or  on  chemical  examination  of  the  urine  or  other 
secretions.  The  anaemia  must,  therefore,  depend  upon  an  insuf- 
ficient formation  of  haemoglobin,  though,  at  present,  it  is  quite 
impossible  to  say  upon  what  this  peculiarity  depends.  When  the 
treatment  of  chlorotic  anaemia  leads  to  improvement,  it  follows, 
from  what  has  been  said,  that  nucleated  red  blood-corpuscles  are 
less  commonly  seen  than  in  other  forms  of  anaemia,  and  actually, 
as  can  be  determined  by  the  repeated  examination  of  a  case 
under  treatment  by  iron,  the  haemoglobin  value  of  the  corpuscles 
increases  to  a  much  greater  extent  than  does  the  number  of  the 
corpuscles.  On  microscopical  examination,  therefore,  the  blood 
of  chlorosis  presents  a  simpler  picture  than  that  presented  by 
the  blood  of  almost  any  other  form  of  anaemia. 

A  similar  condition  of  the  blood  to  that  found  in  chlorosis,  so 
far  as  concerns  the  relatively  great  diminution  in  the  haemo- 
globin content  of  the  red  blood -corpuscles,  not  infrequently  occurs 
in  the  subjects  of  syphilis,  of  tuberculosis,  and  of  malignant 
new-growths  (especially  carcinomata).  But  though  under  all  of 
these  conditions  it  is  perhaps  more  common  to  find  a  chlorotic 
type  of  anaemia,  i.e.,  the  haemoglobin  content  of  the  corpuscles 
diminished  to  a  greater  degree  than  the  number  of  corpuscles, 
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yet  this  is  by  no  means  invariably  the  case.  Indeed,  von 
Limbeck  expressly  says,  after  describing  the  various  appearances 
that  may  be  met  with  in  the  blood  in  syphilis,  "  to  my  mind 
there  is  scarcely  a  better  example  than  syphilis  of  the  statement 
that  no  clinical  form  of  anaemia  is  characterised  by  a  definite 
microscopical  appearance  of  the  blood "  (loc.  cit.,  p.  335).  In 
syphilis,  when  anaemia  is  severe,  and  therefore  most  commonly 
in  the  secondary  and  tertiary  stages  of  the  disease,  megalocytes, 
microcytes,  poikilocytes,  normoblasts,  and  gigantoblasts  are 
frequently  met  with ;  the  white  cells  of  the  blood  are  generally 
present  in  normal  numbers,  even  in  the  severest  cases.  When 
anaemia  occurs  along  with  early  tuberculosis  of  the  lungs 
(especially  if  no  fever  is  present),  it  is  commonly  of  the  chlorotic 
type,  and  the  number  of  leucocytes  present  is  normal.  But  when 
anaemia  occurs  in  later  stages  of  pulmonary  tuberculosis,  the 
complications  introduced  by  ulceration,  sweating,  fever,  etc.,  are 
so  great,  that  it  is  almost  impossible  to  make  any  general  state- 
ment concerning  the  condition  of  the  blood,  and  quite  impossible 
to  decide  how  far  the  blood  change  in  any  particular  case 
depends  upon  the  tuberculosis  itself,  how  far  it  is  due  to  dis- 
turbing intercurrent  causes. 

In  the  case  of  malignant  new-growths,  the  following  table 
(slightly  modified  from  von  Limbeck,  and  collected  from  various 
sources)  shows  the  existence  of  oligochromaemia  with  the 
presence  of  an  approximately  normal  number  of  red  blood- 
corpuscles  per  cubic  millimetre  in  cases  of  carcinoma. 

(.1)  Carcinoma         involving  f  5,040,000  red  blood-corpuscles  per  1  g^    fl  hggniQgMriri 
heart,  .       .       .       .  \  cubic  mm.  present,  with  J 

(2)  Carcinoma    of    stomach  1  _  , Q,  nArt 

,  ,.  r  o,lo4,0U0 

and  liver,     .       .       .  J 

(3)  Carcinoma  of  oesophagus,  .  8,280,000 

(4)  Carcinoma  of  stomach,     .  5,085,000 

(5)  Carcinoma  of  stomach,     .  3,415,000 

(6)  Carcinoma  of  liver,  .       .  4,918,000 

(7)  Carcinoma  of  stomach,     .  4,732,000 

(8)  Carcinoma  of  stomach,    .  6,200,000 

With  regard  to  the  effect  of  complete  removal  of  a  malig- 
nant new  growth  upon  the  percentage  haemoglobin  composition 
of  red  blood-corpuscles,  Laker  and  Bierfreund  have  both  found 
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that — contrary  to  what  one  would  expect — the  haemoglobin 
content  of  the  corpuscles  does  not  rise  after  recovery  from  opera- 
tion is  complete,  to  a  higher  level  than  obtained  before  the  new 
growth  was  removed.  Though  Bierf reund's  results  cover  seventy- 
two  cases  and  are  corroborated  by  Laker,  they  are  so  astonishing, 
especially  in  view  of  the  fact  that  the  patients  markedly  improved 
in  health  and  put  on  flesh,  that  further  research  upon  the  subject 
is  necessary.  The  effects  of  operation  for  malignant  growths 
upon  the  number  of  leucocytes,  and  the  leucocytosis  that  is 
commonly  present  in  malignant  disease,  will  be  considered  later. 

Somewhat  in  contrast  with  the  anaemias  in  which  either  the 
diminution  in  number  of  red  blood-corpuscles  or  the  diminution 
in  haemoglobin  content  of  the  blood-corpuscles  is  the  predomi- 
nant characteristic,  but  not  sufficiently  distinct  to  require  a 
separate  sub-division  of  the  subject  for  themselves,  are  those 
cases  in  which  low  values  obtain  for  both  of  these  factors.  The 
general  feature  which  runs  through  these  cases  is  mal- nutrition, 
whether  that  mal- nutrition  be  due  to  constitutional  disease  or 
no.    Thus  in  extreme  social  poverty,  where  hard  work  is  com- 
bined with  chronic  semi-starvation,  anaemia  may  be  so  marked 
that  the  number  of  red  blood-corpuscles  is  reduced  to  below 
1,000,000  per  cubic  millimetre  and  the  haemoglobin  content  to 
less  than  20  per  cent.    So,  too,  children  who  are  the  subjects  of 
rickets  or  congenital  syphilis  are  liable  to  present  similar  con- 
ditions of  the  blood,  though  to  a  less  marked  extent.   The  same  is 
observed  in  chronic  poisoning  by  lead  and  arsenic.    Two  points 
are  well  marked  in  all  these  cases:  (1)  signs  of  blood  destruc- 
tion are  in  the  main  absent,  and  (2)  as  the  result  of  proper  feed- 
ing and  medicinal  treatment  the  anaemia  rapidly  disappears.  It 
seems  as  if  the  activity  of  the  blood-forming  tissues  in  these  cases 
were  impaired,  and  in  this  respect  they  have  much  in  common 
with  chlorosis.    The  outlook  for  a  patient  suffering  from  this,  as 
from  most  other  forms  of  anaemia,  can,  to  a  large  extent,  be 
determined  by  a  microscopical  examination  of  the  blood,  for, 
speaking  generally,  a  case  is  hopeful  in  proportion  as  signs  of 
blood  destruction  are  absent, 
(ii.)  Group  II — Anaemias  in  which  marked  Changes  in 
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the  Numbers  or  Characters  of  the  White  Blood-Cor- 
puscles are  Present. — The  anaemias  of  Group  II.  largely 
resolve  themselves  into  the  condition  known  as  "  leuchaemia" 
a  name  given  by  Virchow  in  1845  to  a  particular  alteration  of 
the  blood,  and  since  then  applied  to  the  disease  or  group  of 
diseases  in  which  this  blood  change  is  a  prominent  characteristic. 
In  this  country  the  abnormal  condition  of  the  blood,  along  with 
the  changes  in  certain  tissues  which  accompany  it,  were  called 
"  leucocythaemia  "  by  Hughes  Bennett,  who  described  them  almost 
synchronously  with  Virchow,  and  at  the  present  time  this  name 
is  frequently  employed. 

A.  Leuchaemia. — In  leuchaemia  the  number  of  leucocytes  is 
not  commonly  increased  to  such  an  extent  that  the  blood  can 
even  approximately  be  termed  "  white,"  though  in  very  severe 
cases  it  may  hardly  stain  a  handkerchief.  Often,  however,  it  has 
the  appearance  of  a  mixture  of  blood  and  pus ;  indeed  some  of 
the  earliest  observers  regarded  the  condition  as  a  "  suppuration 
of  the  blood."  In  any  case,  microscopical  examination  shows 
that  the  number  of  leucocytes  is  enormously  increased.  One 
leucocyte  to  ten  red  blood- corpuscles  is  very  usual,  one  to  five  not 
uncommon,  and  cases  have  even  been  known  in  which  the  leu- 
cocytes outnumbered  the  erythrocytes.  From  100,000-500,000 
leucocytes  per  cubic  millimetre  may  be  regarded  as  about  the 
extremes  in  ordinary  well-marked  cases  of  leuchaemia,  though  in 
some  cases  the  higher  limit  is  exceeded.  The  red  blood-corpuscles 
are  diminished  in  numbers,  but  by  nothing  like  the  same  amount 
as  the  leucocytes  are  raised  ;  a  diminution  to  2,000,000  per  cubic 
millimetre  may  be  regarded  as  the  outside  limit,  unless  it  be  in 
very  exceptional  cases.  Poikilocytosis,  Maragliano's  necrobiotic 
changes  of  red  blood-corpuscles  and  nucleated  red  blood-cor- 
puscles are  met  with  in  greater  or  less  numbers  according  to 
the  severity  of  the  anaemia. 

The  pathologico-anatomical  changes  of  tissues  that  are  found 
to  accompany  these  alterations  in  the  composition  of  the  blood 
concern  (1)  the  spleen,  (2)  the  lymphatic  glands,  (3)  the  medulla 
of  bone,  that  is  to  say,  adenoid  tissue  and  bone-marrow.  Accord- 
ing as  the  pathologico-anatomical  change  is  more  marked  in  one 
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or  other  of  these  situations,  we  may  speak  of  a  splenic  leuchaemia, 
a  lymphatic  leuchaemia,  a  medullary  leuchaemia  ;  but  as  a  matter 
of  fact  these  forms  of  leuchaemia  are  not  sharply  denned  from 
one  another,  and  in  a  case  of  leuchaemia,  anatomical  changes  are 
commonly  to  be  found  in  all  three  situations,  though  to  a  different 
degree  in  each.  The  commonest  form  of  leuchaemia  is  the  spleno- 
medullary ;  lymphatic  leuchaemia  is  much  rarer,  and  but  very  few 
cases  of  pure  medullary  leuchaemia  have  been  observed,  though  one 
or  two  have  been  recorded  in  literature  (Askanazy).  In  all  cases 
the  affected  tissues  are  profoundly  altered,  and  the  principal 
change  consists  in  an  enormous  increase  in  size  of  the  part. 
Thus  in  spleno-medullary  leuchaemia  the  spleen  may  attain  a 
weight  of  eighteen  pounds,  though  six  pounds  is  nearer  the 
average,  and  in  lymphatic  leuchaemia  the  glands  become  as  large 
as  walnuts.  Where  the  medulla  of  bone  is  involved  there  are 
signs,  not  of  hypertrophy  it  is  true,  but  of  increased  vascularity, 
and  a  larger  number  of  cells  is  present  than  normal. 

Charcots  Crystals. — Besides  the  cellular  constituents  of  leu- 
chaemic  blood  there  are  also  frequently  to  be  found  in  blood 
taken  from  the  patient  during  life,  the  so-called  Charcot's  crystals. 
These  bodies,  the  chemical  composition  and  the  origin  of  which  is 
not  known,  have  been  described  either  as  octahedra  or  as  hexa- 
gonal pyramids.  They  are  minute  bodies  that  are  often  found 
adherent  to  leucocytes,  and  for  this  reason  Zenker  considers  that 
they  originate  from  those  cells.  Westphal  obtained  them  by 
puncture  from  the  spleens  of  two  leuchaemic  patients  and  thinks 
that  they  are  formed  in  this  organ.  Most  authors  regard  them  as 
being  of  a  semi-proteid  nature  and  as  having  separated  from  the 
blood-plasma.  It  is  said  that  they  are  to  be  found  in  the  normal 
marrow  of  bone.  Charcot's  crystals,  however,  are  not  always 
seen  in  leuchaemic  blood;  competent  observers,  such  as  von 
Limbeck  and  von  Jaksch,  have  failed  to  discover  them. 

As  the  result  of  treatment,  especially  by  arsenic,  and  also  when, 
an  intercurrent  acute  infective  disease  has  attacked  a  leuchaemic 
patient,  the  number  of  leucocytes  is  seen  to  undergo  a  marked 
diminution.  With  reference  to  the  latter  point,  there  is  a  con- 
siderable amount  of  evidence  that  such  diseases  as  typhoid  fever, 
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influenza,  and  septic  disease  of  various  kinds,  when  affecting 
leuchsemic  patients,  are  accompanied  and  followed  not  only  by  a 
diminution  in  number  of  the  leucocytes  in  the  blood  but  also  by 
a  diminution  in  size  of  the  spleen  and  lymphatic  glands. 

B.  Pseudo  -  leuchaemia.  —  Pseudo  -  leuchsemia,  Hodgkin's 
disease  or  lymphadenoma,  is  a  pathological  condition  which  agrees 
with  leuchsemia  in  that  it  is  associated  with  blood  changes  largely 
affecting  the  leucocytes.  In  it  also  both  spleen  and  lymphatic 
glands  are  enlarged,  and  if — as  is  usual — the  splenic  enlargement 
is  not  great,  while  the  enlargement  of  the  lymphatic  glands  is 
well-marked,  there  may  be  considerable  difficulty  from  macro- 
scopic examination  in  differentiating  pseudo-leuchsemia  from  the 
leuchaemia  of  the  lymphatic  type.  Moreover,  there  is  the  further 
difficulty  that  it  is  uncertain  whether  under  the  same  name  one 
and  the  same  pathological  process  or  more  than  one  is  included. 
Many  authors  include  sarcomatosis  of  lymphatic  glands  under 
pseudo-leucheemia,  indeed  "  lymphosarcoma  "  is  one  of  the  many 
names  whereby  pseudo-leuchaemia  is  known  on  the  Continent. 
A  minority  of  Continental  authors  (Billroth,  Kundrat),  however, 
separate  lymphosarcoma  from  lymphadenoma  or  Hodgkin's  disease, 
and  this  is  the  view  taken  by  most  of  the  clinical  pathologists  in 
this  country.  Clinically,  there  seems  to  be  a  difference  between 
the  two  conditions,  though,  no  doubt,  intermediate  forms  are 
found.  There  is  growing  up  a  belief  that  lymphadenoma  may 
ultimately  be  shown  to  depend  upon  a  micro-organism,  and, 
therefore,  to  be  an  infective  disease,  but  though  bacteria  have  been 
described  in  such  cases  by  several  authors,  the  evidence  they  offer 
is  inconclusive  at  present.1    It  is  because  the  term  "  pseudo-leu- 

1  Personally  the  author  inclines  towards  the  belief  that  lymphadenoma  (i.e., 
Hodgkin's  disease)  must  be  separated  from  lymphosarcoma,  and  principally — as 
yet — because  the  macroscopic  pictures  are  so  different.  That  there  may  be  a 
similarity  of  blood  state  in  lymphadenoma  and  in  lymphosarcoma,  so  far  as 
number  of  colourless  cells  is  concerned,  cannot,  in  view  of  thejmcertainty  of  the 
microscopical  appearances  of  blood  in  either  case,  be  regarded  as  an  argument 
either  for  fusion  or  for  differentiation.  Nor  can  the  fact  that  in  lymphosarcoma 
the  blood  commonly  shows  a  larger  number  of  colourless  cells  than  when  sarcoma 
is  situated  in  other  regions  than  the  lymphatic  glands,  be  urged  against  the 
amalgamation  of  lymphosarcomata  with  other  sarcomata,  for  it  might  reasonably 
be  expected  that,  when  lymphatic  glands  are  the  seat  of  sarcoma,  a  larger  propor- 
tion of  colourless  cells  than  usual  would  be  washed  into  the  blood  by  way  of  the 
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chaemia"  does  not  commit  one  in  any  way  that  it  is  adopted 
here. 

The  general  blood  changes  in  pseudo-leuchaemia,  it  may  easily 
be  imagined,  are  very  variable,  indeed  in  some  cases  in  which 
from  clinical  evidence  one  would  expect  to  find  the  most  common 
change,  viz.,  an  increase  in  number  of  leucocytes,  the  number  of 
leucocytes  is  normal,  and  the  anaemia  which  exists  is  due  entirely 
to  a  diminution  in  number  of  erythrocytes  and  a  diminution  in 
their  haemoglobin  content,  both  of  which  run  on  parallel  lines. 
Nevertheless  pseudo-leuchaemia  is  generally  associated  with  a 
great  increase  in  the  number  of  leucocytes,  though  an  excessive 
increase,  such  as  is  seen  in  true  leuchaemia,  is  wanting.  One 
leucocyte  to  forty  or  fifty  erythrocytes  is  a  far  commoner  pro- 
portion. As  will  be  seen  immediately,  the  characters  of  the 
leucocytes  present  in  leuchsemia  and  pseudo-leuchaemia  are  also 
different;  a  microscopical  examination  of  the  blood  suffices  to 
distinguish  pseudo-leuchaemia  from  even  lymphatic  leuchaemia, 
which  clinical  examination  often  fails  to  do. 

(iii.)  Varieties  of  Leucocyte  present  in  the  Anaemias. 
— The  variety  of  colourless  corpuscle  that  is  multiplied  to  cause 
the  increase  of  leucocytes  present  in  different  cases  of  anaemia, 
and  particularly  in  the  anaemias  of  Group  II.,  is  not  always  one 
and  the  same.  Speaking  generally,  the  increase  is  brought  about 
by  addition  to  the  number  of  finely  granular  oxyphil  (polynuclear, 
neutrophil)  cells,  but  in  some  cases  it  is  the  lymphocytes,  in 
others  the  coarsely  granular  oxyphil  (eosinophil)  cell  that  forms 
the  bulk  of  the  increase,  while  in  most  cases  there  is  not  a 
numerical  increase  of  one  variety  alone  but  of  all  varieties. 

In  the  so-called  secondary  anaemias  (by  which  is  meant  anaemias 
subsequent  to  haemorrhage,  or  to  the  establishment  of  some 
chronic  disease,  or  to  the  development  of  a  malignant  tumour), 
where  an  increase  in  the  number  of  leucocytes  accompanies  the' 
anaemia,  the  cells  are  almost  entirely  of  the  finely  granular  oxy- 
phil type.    On  the  other  hand,  in  lymphatic  leuchaemia  the 

thoracic  duct.  The  whole  question  depends  upon  whether  the  lymphocytes  and 
hyaline  cells  in  the  blood  in  lymphosarcoma  are  true  leucocytes  (lymphocytes) 
or  whether  they  are  sarcoma  cells,  and  upon  this  point  it  is  impossible  at 
present  to  dogmatise. 
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increase  in  number  of  leucocytes  is  due  to  the  presence  in  the 
blood  of  an  enormous  number  of  lymphocytes;  in  fact  it  has 
been  suggested  that  this  condition  should  be  termed  "  lympho- 
cythaemia."  In  spleno-medullary  leuchasmia  there  is  a  large 
increase  of  leucocytes  generally,  but  the  increase  to  such  an 
extent  concerns  hyaline  (large  uninuclear)  cells  and  coarsely 
granular  oxyphil  cells  that  the  finely  granular  oxyphil  cells  are 
relatively  diminished.  In  pseudo-leuchsemia  it  is  found  that 
increase  of  leucocytes  means  relative  as  well  as  absolute  increase 
of  finely  granular  oxyphil  cells  and  of  lymphocytes,  but  that 
there  is  relative  diminution  of  coarsely  granular  oxyphil  cells. 

In  some  cases,  colourless  cells  not  of  the  ordinary  types  are 
present  in  the  blood ;  this  is  particularly  the  case  in  spleno- 
medullary  leuchsemia,  where  the  number  of  atypical  cells  in  the 
blood  is  very  considerable.  Some  of  these  are  large  cells  having 
a  single  large  round  nucleus  and  coarse  granules  which  stain 
with  acid  dyes  ;  they  are  similar  in  many  respects  to  cells  found 
in  normal  red  bone-marrow,  and  by  some  authors  are  termed 
"  myelocytes,"  but  it  is  better  to  speak  of  them  as  "  atypical " 
oxyphil  or  eosinophil  cells.  Other  large  cells  present  in  the  blood 
in  spleno-medullary  leuchsemia  show  no  granules,  but  have  a  nuc- 
leus which  almost  fills  the  cell  body  and  is  poor  in  chromatin  ; 
these  may  be  called  "  atypical "  hyaline  cells.  Cells  very  similar 
to  these  last  are  also  found  in  normal  bone-marrow.1  Sometimes 
cells  are  found  with  large  coarse  basophil  granules — the  so-called 
Mastzellen.  These  cells,  as  has  been  said,  are  normally  only  found 
in  connective  tissue  ;  even  when  found  in  the  blood  of  spleno- 
medullary  leuchaemia,  they  are  far  less  commonly  present  than  the 
other  atypical  cells  which  have  been  mentioned.  They  have  never 
been  found  in  the  blood  in  any  other  pathological  condition.2 

1  According  to  Cornil  and  Ranvier  and  Miiller  these  cells  in  the  blood  have 
originated  from  bone-marrow  and  they  call  them  ' '  medullary  cells "  (cellules 
medullaires,  Markzellen).  As  a  matter  of  fact,  "Markzellen"  include  both 
atypical  eosinophil  and  atypical  hyaline  cells.  Upon  the  subject  of  blood  and 
medullary  changes  in  leuchaemia  and  pernicious  anaemia,  Muir's  papers  should  be 
consulted. 

2  So-called  splenic  anaemia  or  "  Splenomegalie,"  in  which  the  spleen  is  enlarged 
and  anaemia  is  intense,  but  in  which  the  haemal  changes  are  similar  to  those  in 
pernicious  anaemia,  is  too  little  known  to  call  for  more  than  passing  notice  here. 
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(iv.)  Sources  of  Abnormal  Blood  -  Corpuscles  in 
Anaemia. — It  is  now  necessary  to  consider  the  sources  of  the 
various  abnormal  cells  that  are  observed  in  different  anaemic 
conditions.  From  the  commencement  poikilocytes  and  forms  that 
are  obviously  degenerative,  microcytes,  and  megalocytes  may  be 
left  on  one  side,  for  to  them  reference  has  already  been  made 
(p.  147).  The  cells,  therefore,  with  which  we  shall  be  concerned 
in  the  following  paragraphs  are  nucleated  red  blood-corpuscles, 
normoblasts,  megaloblasts,  leucocytes,  and  the  atypical  forms  of 
leucocytes  which  are  found  in  leuchaemia. 

The  question  before  us  resolves  itself  into  a  discussion  of  the 
modes  and  seats  of  blood-corpuscle  formation,  and  it  is  impossible 
to  consider  this  highly  controversial  subject  in  detail  here.  But 
a  short  sketch  must  be  given,  firstly,  because  some  of  the  cells 
mentioned  are  found  when  regeneration  of  blood  is  taking  place, 
and  therefore  the  process,  though  it  is  strictly  physiological, 
comes  to  have  a  special  interest  in  pathology,  and  secondly, 
because  in  that  way  it  is  possible  to  throw  some  light  on  the 
aetiology  of  the  leuchaemias. 

Formation  of  Bed  Cells  in  Normal  Life. — The  seats  of  blood 
formation  in  earliest  embryonic  life  can  hardly  be  differentiated, 
but  two  points  with  reference  to  the  corpuscles  are  of  impor- 
tance, and  admit  of  no  doubt:  1,  all  the  red  blood-corpuscles  are 
nucleated;  2,  the  colourless  blood-corpuscles  make  their  first 
appearance  later  than  the  red  blood-corpuscles.  In  later  em- 
bryonic life,  blood  formation  takes  place  in  the  medulla  of  bone, 
the  spleen,  the  liver,  and  lymphatic  glands.  In  foetal  red  medulla 
of  bone  are  to  be  found:  (1)  nucleated  red  blood-corpuscles,  (2) 
medullary  cells  (Markzellen,  Cellules  medullaires),  (3)  large, 
coarsely  granular  oxyphil  cells,  (4)  enormous  giant  cells,  some 
of  which  are  osteoclasts,  (5)  Mastzellen.  In  foetal  spleen-pulp' 
are  normal,  non-nucleated  red  blood-corpuscles,  nucleated  red 
blood  -  corpuscles,  and  large  numbers  of  lymphocytes.  In 
foetal  lymphatic  glands,  small  mono-nuclear  lymphocytes  are 
present  in  large  numbers.  There  is  reason,  therefore,  from  a 
histological  standpoint,  for  regarding  the  bone-marrow  as  being 
the  chief  seat  (but  not  the  only  one)  of  formation  of  red 
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blood-corpuscles  in  the  embryo,  the  spleen  and  the  lymphatic 
glands  as  the  seat  of  formation  of  leucocytes.  As  embryonic  life 
goes  on,  the  number  of  nucleated  red  blood-corpuscles  diminishes, 
that  of  non-nucleated  red  blood  increases.  It  is  agreed  by  almost 
all  authors  that  there  is  a  direct  change  of  the  former  into  the 
latter,  but  where  this  change  takes  place,  and  whether  the  normal 
red  blood-corpuscle  is  produced  by  disappearance  of  the  nucleus 
within  the  nucleated  red  blood-corpuscle  (Bizzozero,  Neumann), 
or  by  an  extrusion  of  the  nucleus  which  itself  becomes  the 
normal  red  blood-corpuscle  (Eindfleisch,  Howell),  is  uncertain. 
According  to  Ehrlich,  both  of  these  modes  of  transformation 
occur, — extrusion  in  the  case  of  the  production  of  normal  erythro- 
cytes from  normoblasts,  disintegration  of  the  nucleus  within  the 
cell  in  the  production  of  megalocytes  from  megaloblasts. 

In  adult  life,  red  blood-corpuscles  are  commonly  regarded  as 
arising  from  the  nucleated  corpuscles  holding  haemoglobin  that 
are  constantly  found  in  normal  red  medulla  of  bone  ;  these  cells 
are  often  seen  undergoing  mitotic  division.  There  is  the  same 
uncertainty  in  adult  life  as  in  the  embryo  as  to  the  direct  method 
whereby  the  non-nucleated  is  formed  from  the  nucleated  cor- 
puscle.1 Whether  the  spleen  takes  any  share  in  the  formation 
of  red  blood-corpuscles  in  the  normal  adult  is  doubtful.  Some 
authors  (Neumann  and  his  school)  deny  to  the  spleen  any  such 
function  ;  Eindfleisch,  on  the  other  hand,  regards  the  spleen  as 
the  chief  seat  of  haematopoiesis  ;  Lowit  considers  that  spleen  and 
medulla  of  bone  take  approximately  equal  parts  in  the  process. 
The  greater  number  of  authors,  however,  take  up  an  intermediate 
position  and  regard  the  haematopoietic  function  of  the  spleen 
(which  undoubtedly  obtains  in  embryonic  life)  as  being  latent  in 
adult  animals  and  man,  but  ready  to  be  woke  into  activity 
whenever  there  is  a  necessity  for  rapid  regeneration  of  blood. 

As  to  the  relation  between  erythrocytes  and  leucocytes  Muller 
believes  that  both  arise  from  one  common  mother-cell  in  adult 
life,  Lowit  that  erythrocytes  and  leucocytes  arise  from  two 

1  According  to  Hayem,  the  non-nucleated  red  blood-corpuscles  are  formed  from 
blood-platelets  (Hayem's  hsematoblasts),  and  their  seat  of  formation  is  the  circulate 
ing  blood  ;  the  nucleated  red  blood-corpuscles  he  regards  as  being  formed  in  the 
haematopoietic  tissues,  especially  the  red  medulla  of  bone. 
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different  kinds  of  nucleated  cell,  neither  of  which  contains 
haemoglobin,  and  which  he  has  called  "  erythroblasts "  and 
<'  leucoblasts."  Since  in  the  embryo  red  blood-cells  are  present 
at  a  time  when  leucocytes  have  not  yet  made  their  appearance, 
a  twofold  source  of  origin  seems  the  more  probable.  There  is 
no  evidence  that  red  blood-corpuscles  directly  originate  from 
leucocytes,  though  this  view  was  largely  held  at  one  time. 

Formation  of  Leucocytes  in  Normal  Life. — The  seat  of  leucocyte 
formation  in  adult  life  constitutes  at  the  present  time  one  portion 
of  the  whole  controversy  as  to  the  relationship  of  the  different 
varieties  of  leucocyte.  If  the  leucocytes  that  one  finds  circulating 
in  the  blood  are,  as  some  authors  believe,  but  stages  in  the  life 
history  of  one  kind  of  cell,  the  youngest  recognisable  form  of 
which  is  the  lymphocyte,  then  the  matter  is  comparatively  simple, 
for  in  the  lymphatic  glands  are  enormous  numbers  of  typical 
lymphocytes,  and  the  numerous  mitotic  figures  that  are  found  in 
the  cells  inhabiting  the  glands  are  evidence  that  cell  division  is 
going  on  here  with  great  rapidity. 

But  though  it  is  agreed  on  all  hands  that  the  lymphatic  glands 
are  a  highly  important  source  of  leucocytes,  and  though  the 
lymphocyte  is  usually  regarded  as  a  young  form  of  any  variety  of 
leucocyte,  many  authors  find  a  difficulty  in  accepting  the  view  that 
all  leucocytes  of  the  blood  have  a  common  origin.  This  is  partly 
because  the  distribution  of  the  different  varieties  of  wandering  cell 
in  different  species  of  animal  is  not  uniform,  partly  because  the  so- 
called  transitional  forms  are  never  observed  except  after  the  cells 
have  been  killed,  but  principally  because  the  morphological  appear- 
ances and  the  histo-chemical  reactions  of  the  cells  are  not  the  same, 
and  because  the  functions  of  the  cells,  as  will  be  seen  later,  in 
many  cases  seem  to  be  absolutely  different.  Virchow  long  ago 
regarded  the  small  leucocytes  as  arising  from  the  lymphatic 
glands,  the  large  leucocytes  as  arising  in  the  spleen,  and  at  the 
present  day,  besides  lymphatic  glands  and  spleen,  the  bone- 
marrow  is  regarded  as  certainly,  and  the  interstitial  connective 
tissue  as  most  probably,  a  further  seat  of  leucocyte  formation. 

Origin  of  Leucocytes  in  Leuchcemia. — We  may  now  consider  the 
origin  of  the  abnormal  cells  found  in  the  blood  under  different 
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anaemic  conditions.  When  enquiring  into  the  origin  of  the 
leucocytes  that  are  present  in  enormous  numbers  in  leuchaemic 
blood,  especially  when  the  disease  is  of  the  spleno-medullary  type, 
it  is  striking  that  many  of  the  cells  present  in  the  blood  correspond 
closely,  if  not  exactly,  to  cells  normally  found  in  the  red  bone- 
marrow  of  the  embryo.  Moreover,  the  fact  that  the  cells  in  the 
bone-marrow  in  spleno-medullary  leuchaemia  are  greatly  increased 
in  numbers,  suggests  that  the  cause  of  the  leuchaemia  is  a  hyper- 
activity of  the  bone-marrow,  and  that  the  spleen  and  the  lymph- 
glands  aid  in  the  process.  This  view  is  very  commonly  held,  and, 
as  has  been  said,  certain  cells  found  in  the  blood  are  definitely 
called  "  myelocytes,"  "  medullary  cells,"  "  cellules  medullaires," 
"  Markzellen,"  while  the  expression  "  myelogenous "  is  used  in 
connection  with  particular  varieties  of  leuchaemia.  It  is  quite 
obvious,  however,  that  the  medullary,  splenic,  lymphatic,  and 
haemal  changes  may  be  simultaneous  expressions  of  one  and  the 
same  cause  as  yet  unknown.  It  is,  therefore,  advisable  to  use 
terms  which  do  not  finally  dispose  of  a  question  which  cannot  as 
yet  be  considered  as  beyond  doubt,  and  for  this  reason  the  ex- 
pressions "  atypical  oxyphil  (eosinophil)  cell "  and  "  atypical 
hyaline  cell "  have  been  used  for  "  myelocyte,"  and  "  medullary  " 
has  been  used  for  "myelogenous"  in  the  preceding  pages.  In 
this  matter  the  author  follows  Kanthack. 

Origin  of  Red  Blood-Corpuscles  in  the  Ancemias. — The  cellular 
changes  in  leuchaemic  blood,  which  are  principally  confined  to  the 
wandering  cells,  and  are  distinctly  pathological,  must  be  sharply 
separated  from  the  cellular  changes  that  occur  in  other  anaemic 
conditions  and  are  evidence  of  a  physiological  regeneration  of 
blood.  In  all  cases  of  anaemia,  of  whatever  kind,  evidences  of 
blood  regeneration  are  to  be  found  to  a  greater  or  less  extent, 
and  in  all  cases  in  which  they  are  well-marked  the  bone-marrow, 
at  all  events,  shows  a  change.  Marrow  that  is  normally  yellow, 
becomes  red,  highly  vascular,  and  highly  cellular.  In  particular 
it  contains  numbers  of  nucleated  red  blood-corpuscles,  and  there 
can  be  no  doubt  that  the  nucleated  red  blood-corpuscles  present  in 
the  blood  in  severe  anaemia — especially  in  anaemias  in  which  a 

great  diminution  in  the  number  of  red  blood-corpuscles  occurs — 
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arise  from,  or  are  identical  with,  the  nucleated  red  blood-cor- 
puscles in  the  bone-marrow.  Whether  the  spleen  takes  a  share 
in  normal  haematopoiesis,  we  have  already  said,  is  uncertain,  but 
the  balance  of  evidence  derived  from  extirpation  of  the  spleen, 
from  histological  examination  of  the  spleen  in  experimental 
anaemia,  and  from  comparison  of  the  blood  in  splenic  artery  and 
vein,  seems  to  support  the  view  that,  though  this  organ  probably 
takes  no  share  in  the  formation  of  red  blood-corpuscles  in  normal 
adult  life,  it  reverts  in  part  to  its  embryological  functions  when- 
ever severe  anaemia  is  present. 

(v.)  Effects  of  Anaemia  upon  the  Body. — The  effect  of 
anaemia  upon  the  body  at  large,  and  upon  the  manner  in  which 
the  various  organs  exercise  their  functions,  is  a  subject  upon 
which  very  little  can  be  said.  The  greater  part  of  the  symptoms 
produced  are  those  due  to  insufficiency  of  haemoglobin,  and,  as  a 
consequence,  pallor  is  characteristic  of  the  condition.  Since,  too, 
haemoglobin  is  intimately  bound  up  with  the  oxygen-carrying 
function  of  the  blood,  it  follows  that  in  anaemia  the  supply  of 
oxygen  to  the  tissues  is  diminished.  The  result  of  this  is  three- 
fold. 

1.  The  respiratory  centre  in  the  medulla  oblongata  is  affected. 
The  activity  of  this  centre  is  increased  whenever  the  amount  of 
oxygen  which  it  receives  in  the  blood  is  diminished  below  a 
certain  point.  Under  normal  circumstances  the  amount  of 
oxygen  in  the  blood  is  sufficiently  great  that  small  demands 
made  by  other  parts  of  the  body,  and  especially  the  muscles,  can 
be  met  without  lowering  the  amount  of  oxygen  in  the  blood  to 
such  an  extent  as  to  lead  to  undue  activity  of  the  respiratory 
centre.  For  example,  a  healthy  person  can  run  upstairs  without 
panting.  But  in  anaemia  the  case  is  different,  in  that  the  blood 
carries  an  amount  of  oxygen  which,  in  severe  cases,  is  barely 
sufficient  to  ensure  a  normal  rate  of  respiration  when  the  patient 
is  at  rest.  The  least  exertion,  therefore,  being  accompanied  by 
an  increased  demand  for  blood  on  the  part  of  the  muscles  con- 
cerned, and  by  an  active  dilatation  of  their  blood-vessels,  reduces 
the  amount  of  blood,  and  therefore  of  oxygen,  which  the  respiratory 
centre  receives  below  the  point  at  which  increased  activity  is 
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called  forth,  and  hence  in  severe  anaemia  moderate  exertion  is 
accompanied  by  a  great  increase  in  the  rapidity  of  respiration. 
To  continue  the  example  given  above,  a  chlorotic  girl  complains 
of  shortness  of  breath  on  mounting  stairs. 

2.  As  the  result  of  deficient  oxygenation,  fatty  changes  take 
place  in  various  organs.  It  will  be  seen  later  that  perhaps  the 
chief  cause  of  fatty  change  is  deficiency  in  the  supply  of  oxygen. 
In  the  case  of  chlorotic  girls,  the  amount  of  fat  throughout  the 
body  generally,  but  especially  in  the  subcutaneous  connective- 
tissue,  is  considerable,  and  the  plumpness  of  these  persons  is 
almost  characteristic.  In  the  case  of  pernicious  anaemia,  fatty 
degeneration  is  often  very  extensive  ;  it  affects  in  particular  the 
musculi  papillares  of  the  heart  and  causes  them  to  take  on  a 
peculiar  macroscopic  appearance  which  is  known  as  "  tabby-cat 
striation."  That  the  fatty  change  in  the  heart  muscle  must  be 
regarded  as  an  expression  of  the  deficient  nutrition  and  oxygena- 
tion of  the  heart,  there  can  be  no  doubt,  for  the  blood  state  is 
such  that  nutrition  and  oxygenation  cannot  possibly  be  carried 
out  in  a  normal  manner.  But,  besides  its  dependence  upon 
deficient  nutrition  and  oxygenation,  it  is  possible — even  prob- 

4  able — that  the  change  is  in  part  due  to  the  action  of  some  toxic 
substance  circulating  in  the  blood.  It  has  already  been  said 
that  the  blood  changes  in  pernicious  anaemia  are  by  many  authors 
regarded  as  due  to  an  unknown  toxin,  and  so  far  as  fatty  changes 
are  concerned,  it  is  known  that  many  poisons,  bacterial  and 
non-bacterial,  lead  to  fatty  degeneration.  We  shall  probably 
not  err  greatly  if  we  regard  the  fatty  change  that  occurs  in 
various  situations  in  all  cases  of  prolonged  anaemia  as  due  to  the 
deficient  supply  of  nutrition  and  oxygen,  aided  in  some  cases  by 
a  direct  poisoning  of  the  tissue  in  question. 

3.  It  is  noticed  that  severe  anaemia,  especially  when  it  is 
suddenly  produced,' as,  for  example,  by  severe  post-partum  haemor- 
rhage, is  accompanied  by  the  onset  of  epileptiform  convulsions. 
These,  it  has  been  experimentally  proved,  are  associated  with 
anaemia  of  the  brain. 

Besides  breathlessness,  fatty  changes,  and  epileptiform  con-  " 
vulsions,  anaemia,  if  severe  and  prolonged,  is  very  commonly 
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associated  with  small  amounts  of  oedema.  In  the  author's 
opinion,  this  oedema  is  essentially  dependent  upon  deficient  nutri- 
tion of  the  tissues,  but  the  question  will  be  discussed  along  with 
other  forms  of  oedema  in  the  following  chapter. 

Haemorrhages,  scanty  or  profuse,  whether  subcutaneous  or  from 
mucous  surfaces,  are  not  uncommon  in  severe  anaemia  of  what- 
ever kind.  It  is  not  easy  to  understand  how  these  haemorrhages 
are  brought  about.  In  view  of  the  fact  that,  at  all  events  in 
leuchaemia  and  in  anaemia  due  to  actual  haemorrhage,  the  coagul- 
ability of  the  blood  is  increased,  the  possibility  that  haemorrhages 
seen  in  anaemia  are  due  to  deficient  coagulability  of  the  blood 
may  be  set  on  one  side.  The  most  reasonable  explanation 
left  is  that  the  blood-vessel  walls  are  altered.  In  the  arteries 
of  anaemic  persons  it  is  known  that  fatty  changes  of  the  intima 
are  common,  and  it  is  possible  that  abnormality  of  the  blood 
produces  some  alteration  in  the  capillaries  and  arterioles  whereby 
they  rupture  with  extreme  ease.  But  whether  this  alteration 
exists,  and  whether,  if  it  exists,  it  is  ultimately  due  to  starvation 
or  to  the  direct  action  of  some  toxic  substance,  it  is  impossible 
to  say.  In  the  latter  case,  the  haemorrhages  would  be  in  some 
degree  comparable  with  those  frequently  seen  in  severe  cases  of 
infective  disease. 

IV.  Leucocytosis  and  Leucopenia. — Increase  and  diminu- 
tion in  the  number  of  leucocytes  present  in  the  blood  are  known 
under  a  variety  of  conditions,  which  do  not  come  under  the 
heading  of  anaemia;  we  have  already  mentioned  the  existence 
of  a  physiological  leucocytosis  and  a  physiological  leucopenia. 
During  the  last  few  years  leucocytosis  and  leucopenia  have  been 
shown  to  play  a  very  prominent  part  in  many  pathological  pro- 
cesses ;  they  have  been  studied  particularly  in  connection  with 
inflammation  and  immunity.  The  theoretical  considerations 
concerned  with  variations  in  the  number  of  leucocytes  are  so 
important  that  they  demand  special  attention,  and  will  be  dealt 
with  along  with  inflammation  and  infection.  Here  we  shall 
confine  ourselves  to  certain  broad  statements  of  fact. 

The  best  known  pathological  conditions  accompanied  by  a 
definite  leucocytosis  are  those  in  which  the  body  is  the  subject  of 
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inflammations  of  various  kinds,  of  some  acute  infective  disorders, 
or  of  malignant  new-growths ;  leucocytosis  also  occurs  to  a  marked 
degree  after  haemorrhage,  and  when  various  chemical  substances 
are  introduced  into  the  circulation.  The  last-mentioned  variety  >  •  ,• 
of  leucocytosis  will  be  considered  along  with  the  phenomenon 
known  as  "  chemiotaxis." 

The  characteristic  point  about  leucocytosis  is  that  it  is 
essentially  a  temporary  condition.  In  acute  infective  disorders 
of  man  it  usually  shows  itself  during  the  febrile  stages,  and 
the  increase  principally  concerns  the  finely  granular  oxyphil 
cells.  In  croupous  pneumonia  the  number  of  leucocytes  is 
frequently  doubled  or  trebled,  and  not  uncommonly  the  curve 
given  by  the  number  of  leucocytes  in  the  blood  runs  parallel 
with  the  curve  given  by  the  temperature  of  the  patient.  Though 
in  the  majority  of  cases  leucocytosis  occurs,  it  is  not  invariable ; 
this  is  an  important  point,  for  when  leucocytosis  is  well-marked 
the  case  will  generally  run  a  favourable  course,  but  if  there  is 
leucopenia  the  prognosis  is  not  so  hopeful.  Immediately  before 
the  crisis  the  leucocytosis  is  commonly  at  its  height,  and  in  this 
disease,  as  also  in  erysipelas,  the  leucocytosis  lasts  only  a  short  time 
after  the  temperature  has  fallen  to  normal.  In  scarlatina,  on  Jj 
the  other  hand,  the  leucocytosis  apparently  persists  long  after  all  •,. 
signs  of  the  disease  have  disappeared.  In  uncomplicated  typhoid 
fever,  according  to  von  Limbeck,  haemal  leucopenia  is  always 
present,  and  when,  as  is  sometimes  the  case,  leucocytosis  is  , 
found,  it  is  due  to  some  pneumonic  or  suppurative  complica- 
tion. Uncomplicated  malaria  and  tuberculosis  are  unaccompanied 
by  any  alteration  in  the  number  of  leucocytes  present  in  the 
blood.  Asiatic  cholera  is  of  some  interest  in  this  connection, 
since  the  marked  leucocytosis,  which,  according  to  Biernacki,  is 
seen  during  the  algid  stage  of  the  disease,  does  not  appear  to  be 
of  the  same  favourable  prognostic  value  that  it  is  when  it  occurs 
in  croupous  pneumonia. 

With  regard  to  the  effect  of  malignant  new-growths,  both  car-  n 
cinoma  and  sarcoma  are  liable  to  be  accompanied  by  leucocytosis, 
but  the  leucocytosis  is  neither  so  constantly  present  nor  so  con- 
siderable when  the  new-growth  is  carcinoma.    In  the  case  of  carci- 
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noma  with  leucocytosis,  though  the  number  of  leucocytes  present 
per  cubic  millimetre  of  blood  is  usually  about  10,000,  as  many  as 
80,000  per  cubic  millimetre  have  been  known.  Grawitz  has 
shown  that  in  rabbits  intra-vascular  injection  of  an  extract  of 
cancerous  material  leads  to  great  leucocytosis,  and  it  is  possible 
that  a  softening  and  absorption  of  cancerous  material  may  explain 
the  excessive  degree  of  leucocytosis  in  human  cases,  but  this  cannot 
at  present  be  regarded  as  certain.  Leucocytosis  along  with  sar- 
comata is  very  constant  and  well-marked,  the  average  number  of 
leucocytes  present  being  about  12,000  per  cubic  millimetre,  but 
this  figure  is  often  greatly  exceeded.  In  the  case  of  round  cell  sar- 
comata, I  think  there  is  always  a  certain  amount  of  doubt  whether 
some  of  the  colourless  cells  in  the  blood  may  not  be  sarcoma 
cells.  Removal  of  a  malignant  new-growth  appears  to  exert  a 
marked  effect  upon  the  leucocytosis,  and  in  this  respect  affords  a 
great  contrast  to  the  absence  of  effect  that  removal  of  a  malignant 
new-growth  has  upon  the  number  of  red  blood-corpuscles  (cf.  p. 
167).  This  is  well  shown  by  the  following  two  of  several  cases 
recorded  by  Hayem.  Before  operation  in  a  case  of  cancer  of  the 
mamma  the  number  of  leucocytes  present  per  cubic  millimetre  of 
blood  was  21,700,  after  complete  healing  of  the  wound  it  was 
found  to  be  6,200  per  cubic  millimetre.  Before  operation  in  a 
case  of  osteosarcoma  the  number  of  leucocytes  per  cubic  milli- 
metre of  blood  was  11,250,  after  healing  of  the  wound  it  was 
5,270. 

After  haemorrhage,  especially  if  severe,  a  leucocytosis  is  seen 
which  may  be  well  marked.  It  begins  to  show  itself  10-15 
minutes  after  the  loss  of  blood  has  occurred,  and  often  lasts  for 
several  days.  Hoche  has  shown  that  one  of  the  primary  effects 
of  haemorrhage  upon  the  lymphatic  circulation  is  an  immediate 
but  short  increase  in  the  rate  of  lymph  flow.  It  is  probable 
that  a  portion  of  the  leucocytosis  depends  upon  the  fact  that 
large  numbers  of  leucocytes  are  washed  from  the  lymphatic 
glands  into  the  circulation,  but  this  can  hardly  account  for  the 
persistence  of  leucocytosis  over  several  days,  since  in  Hoche's 
experiments  the  lymph  flow  returned  to  the  normal,  if  it  did  not 
actually  fall  below  normal,  after  five  or  six  minutes.    It  is 
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possible  that  some  obscure — possibly  septic — process  plays  part 
in  causing  the  leucocytosis,  but  in  any  case  it  is  certain  that 
neither  the  trauma  nor  the  actual  loss  of  blood  can  explain  it 
in  full. 

Leucopenia  is  a  condition  concerning  which  but  little  is  known. 
Lowit  has  shown  that  gradual  tying  down  of  a  rabbit  causes  a 
marked  leucopenia  which  especially  affects  the  hyaline  cells  and 
lymphocytes  (uninuclear  cells).  On  the  other  hand,  if  the  animal 
be  tied  down  suddenly,  or  shock  be  produced  by  vigorously  shaking 
it  or  striking  it  on  the  head,  there  is  a  rapid  leucopenia  which 
affects  all  kinds  of  leucocytes.  The  leucopenia  in  the  first  case 
Lowit  ascribes  to  arrest  of  development  of  leucocytes  in  the  blood- 
forming  tissues,  that  which  occurs  in  the  second  case  he  regards 
as  due  to  leuco lysis  or  an  actual  destruction  of  leucocytes. 
Similar  results  may  be  brought  about  by  cooling  the  body  surface. 
Sherrington  found  in  the  case  of  severe  local  inflammations  that 
there  is  a  diminution  in  the  number  of  coarsely  granular  oxyphil 
cells  in  the  blood.  This  is  a  matter  of  importance,  in  view  of  the 
fact  that  large  numbers  of  these  cells  are  found  at  the  seat  of 
inflammation. 

Both  leucocytosis  and  leucopenia  will  call  for  additional 
remarks  in  connection  with  the  subjects  of  inflammation,  chemio- 
taxis,  susceptibility,  and  immunity. 
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The  Pathology  of  the  Blood  {continued) — with  especial 

REFERENCE  TO  THE  BLOOD-PLASMA,  (EDEMA,  AND  ABSORP- 
TION.1 

Synopsis. 


I.  The    Chemical  Composition  of 
Blood-Plasma  and  Serum. 

II.  Filtration  in  Pathological  Prob- 
lems. 

III.  Osmosis  in  Pathological  Problems. 

IV.  Lymph  Formation  : 

(i)  Ludwig. 

(ii)  Heidenhain. 

(iii)  Starling. 

(iv)  Hamburger. 

(v)  The  Author. 

V.  CEdema  Formation : 

(i)  Clinical      Varieties  of 

CEdema. 

(ii)  Composition    of  CEdema 

Fluids. 

(iii)  The  Pathology  of  CEdema  : 

(a)  Older  Views. 

(b)  Modern  Views. 


(iii)  The  Pathology  of  CEdema  : 
(c)  The  Author's  View. 

(a)  Inadequacy  of  Phys- 
ical Explanation. 

(#)  Importance  of  Tis- 
sues in  (Edema 
Formation. 

(7)  Importance  of  Blood- 
vessels in  CEdema 
Formation. 

(5)  Explanation  of  Dis- 
tribution  of 
CEdema. 
(e)  Source    of  CEdema 
Fluid. 

(0  Absorption  of  CEdema 
Fluid. 

(1)  Part  played  by 

Lymphatics. 

(2)  Part  played  by 

Blood- Vessels. 


Before  dismissing  the  subject  of  the  pathology  of  the  blood  it 
is  necessary  to  consider  the  relationship  between  the  blood- 
plasma  and  the  tissues  somewhat  in  detail,  since  under  a  large 
number  of  pathological  conditions  there  is  found  in  the  tissues 
and  the  serous  cavities  an  excessive  amount  of  fluid  which  can 

1  Pathological  conditions  in  which  the  blood-plasma  is  altered  in  composition, 
e.g.,  in  diabetes  mellitus,  will  not  be  considered  in  this  chapter,  but  along  with  the 
special  diseases  in  which  the  blood  changes  occur.  Such  a  course  relieves  the 
reader  of  cross-reference. 
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only  have  collected  there  because  the  normal  equilibrium 
between  blood,  tissues,  and  lymphatics  has  been  disturbed. 
This  general  condition,  which  is  known  under  the  names  of 
"  oedema,"  "  dropsy,"  "  anasarca,"  etc.,  will,  however,  be  left  on 
one  side  until  the  physical  processes  of  filtration  and  osmosis 
have  shortly  been  discussed.  This  course  becomes  necessary, 
because  the  whole  question  of  oedema  is  intimately  bound  up 
with  the  physiological  question  of  lymph  formation,  and  in  the 
controversy  as  to  the  cause  of  lymph  formation  the  processes  of 
filtration  and  osmosis  play  a  prominent  part. 

At  the  very  outset  it  must  be  pointed  out  that,  though  it 
is  possible  to  examine  the  blood-corpuscles,  and  especially  the 
leucocytes,  in  a  living,  and  therefore  in  an  approximately  normal 
condition,  this  is  not  the  case  with  the  blood-plasma.  Coagula- 
tion of  the  blood,  which  of  course  essentially  concerns  the  blood- 
plasma,  supervenes  so  quickly  after  removal  of  the  blood  from  the 
body,  that  observations  upon  normal  blood-plasma  are  hardly  to 
be  made.  There  is  no  doubt  that,  by  the  addition  of  oxalate 
or  citrate  of  potash  or  soda  to  blood  immediately  on  shedding, 
it  is  possible  to  keep  it  fluid  for  a  long  time  after  removal  from 
the  body,  and  that  the  addition  of  albumoses  (commercial 
peptone,  snake  venom,  bacterial  toxins)  to  the  still-circulating 
blood,  whether  experimentally  or  in  the  course  of  disease, 
materially  retards  the  onset  of  coagulation.  But  under  these 
circumstances  the  blood-plasma  that  is  obtained  after  precipita- 
tion of  the  corpuscles  by  centrifugalising  or  rest,  is  not  normal 
blood-plasma.  The  case  is  even  worse  if  blood-serum  obtained 
after  coagulation  and  contraction  of  the  blood-clot  be  made  the 
subject  of  investigation,  for  here  it  is  obvious  that  one  is  deal- 
ing with  a  fluid  that  is  absolutely  foreign  to  the  normal  body. 
It  is  only  with  great  caution,  therefore,  that  experiments 
performed  with  blood-plasma  or  serum  outside  the  body 
may  be  used  to  explain  processes  that  go  on  within  the 
body.  Information  obtained  in  this  way  is,  however,  in  a  con- 
siderable number  of  cases  the  only  information  at  our  disposal ; 
but  sometimes,  fortunately,  it  may  be  used  without  risk  of 
serious  error. 
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I.  The  Chemical  Composition  of  Blood-Plasma  and 
Serum. — It  is  impossible  to  give  here  a  detailed  account  of  the 
chemistry  of  the  blood-plasma  and  serum,  but  it  is  necessary, 
in  view  of  the  physical  processes  which  are  immediately  to  be 
discussed,  to  bear  in  mind  that  blood-plasma  and  serum  are 
albuminous  fluids,  holding  certain  crystalloid  substances  in  solu- 
tion. The  proteids  of  serum  are  serum-globulin  and  serum- 
albumin  ;  the  amounts  of  these  two  substances  present  vary  in 
different  species  of  animal,  whether  warm-blooded  or  cold-blooded. 
In  man  the  total  amount  of  proteid  present  in  the  serum  is  on 
an  average  7*6  per  cent.,  of  which  31  per  cent,  is  serum-globu- 
lin, 4'5  per  cent,  is  serum-albumin  (Hammarsten).  In  the  horse 
and  ox,  though  the  total  amount  of  proteid  present  is  about 
the  same,  the  relations  of  serum-globulin  and  serum-albumin 
are  reversed,  so  that  in  these  animals  the  blood-serum  contains 
more  globulin  than  albumin.  The  proteid  content  of  the  blood- 
serum  is  remarkably  constant,  though  of  course  the  percentage 
diminishes  whenever  the  amount  of  water  in  the  blood  is 
increased  or  when  there  is  a  great  loss  of  proteid,  as,  for  example, 
in  lardaceous  disease  of  the  kidney,  and  increases  when  there 
is  a  great  loss  of  water  from  the  blood,  as,  for  example,  in  Asiatic 
cholera.  Inorganic  crystalloids  are  present  in  blood-serum  and 
plasma  to  about  -8  per  cent.,  of  which  *5  per  cent,  consists 
of  sodium  chloride.  The  remainder  is  composed  of  sodium, 
potassium,  calcium,  and  magnesium  in  combination  with  sul- 
phuric, carbonic,  and  phosphoric  acids,  and  with  chlorine.  To 
litmus,  blood-plasma  and  serum  are  weakly  alkaline.  Excepting 
in  the  fact  that  it  contains  a  far  smaller  amount  of  proteid,  it  is 
practically  impossible  to  give  any  distinguishing  chemical  feature 
between  blood-plasma  and  lymph :  in  particular,  the  amounts  of 
crystalloid  substances  in  the  two  fluids  are  approximately  the 
same. 

II.  Filtration  in  Pathological  Problems. — When  con- 
sidering filtration  in  connection  with  lymph  and  oedema  forma- 
tion it  must  be  remembered  that  the  process  cannot  be  the  same 
as  occurs  in  ordinary  filtration  outside  the  animal  body.  When 
filtering  a  solution  of  any  crystalloid  in  the  ordinary  way,  with 
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air  on  the  other  side  of  the  filter,  the  amount  of  fluid  which 
passes  through  the  filter  varies  directly  with  the  pressure  under 
which  the  solution  is  placed,  and  the  degree  of  concentration 
attained  by  the  filtrate  may  be  either  equal  to  or  less  than  the 
degree  of  concentration  of  the  filtering  fluid,  but  it  can  never  be 
greater.  But  in  the  animal  body  there  is  no  region  where  such 
a  condition  could  easily  obtain  except  the  lungs,  and  hence  it  is 
necessary,  in  investigating  filtration — especially  in  connection 
with  lymph  formation — outside  the  body,  to  replace  air  on  the 
distal  side  of  the  filter  by  a  liquid.  This  has  been  done  by 
Cohnstein,  and  though  it  is  difficult  to  accept  his  results 
unreservedly,  owing  to  the  fact  that  when  two  fluids  are  separ- 
ated by  a  membrane,  at  least  two  other  physical  processes,  dialysis 
and  osmosis,  are  going  on  in  addition  to  the  filtration,  and 
therefore  complicate  the  final  result,  yet  Cohnstein's  work  shows 
that  it  is  very  unsafe  to  argue  from  ordinary  filtration  to  filtra- 
tion within  the  animal  body.  Moreover,  Euneberg  and  others 
showed  that  when  filtration  is  taking  place  under  ordinary 
circumstances,  variations  in  the  pressure  to  which  the  filtering 
fluid  is  exposed  have  different  effects  upon  the  percentage 
composition  of  the  filtrate,  according  as  the  filtering  fluid  contains 
a  colloid  or  a  crystalloid.  In  the  case  of  a  crystalloid,  Euneberg 
found  that  the  percentage  composition  of  the  filtrate  varies  directly 
with  the  pressure  under  which  filtration  is  taking  place,  but  in 
the  case  of  a  colloid,  the  percentage  composition  of  the  filtrate 
varies  inversely  with  the  pressure  under  which  filtration  is 
taking  place.  Cohnstein  found  that  the  concentration  of  the 
transudate  varies  directly  with  the  pressure  against  which  filtra- 
tion is  taking  place ;  but,  as  has  been  said,  it  is  difficult  to  accept 
his  results  as  being  an  expression  of  the  effects  of  filtration 
alone. 

III.  Osmosis  in  Pathological  Problems. — The  physical 
process  of  osmosis  has  of  late  years  been  very  prominently 
brought  forward  in  connection  with  lymph  and  oedema  forma- 
tion. From  a  physical  point  of  view  it  was  originally  investi- 
gated by  Graham  in  1854,  and  he  studied  the  process  along 
with  dialysis  in  the  case  of  a  variety  of  animal  and  artificial 
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membranes.  Osmosis  is  very  commonly  confused  by  biologists 
with  diffusion  and  dialysis,  but  the  physicist  recognises  them  as 
three  absolutely  distinct  processes,  though  not  infrequently  two, 
or  even  all  three  of  them,  are  taking  place  together.  The 
differences  that  obtain  between  the  three  processes  can  best  be 
shown  by  examples. 

Diffusion. — If  a  20  per  cent,  solution  in  water  of  magnesium 
sulphate  be  placed  in  a  vessel,  and  on  it  be  carefully  placed  an 
equal  quantity  of  distilled  water,  there  will  be  recognisable  at 
first  a  fairly  well  marked  line  of  demarcation  between  the 
two  different  fluids.  In  course  of  time,  even  though  the  vessel 
be  kept  at  complete  rest,  it  will  be  found  that  the  line  of 
demarcation  is  lost,  and  that  the  whole  contents  of  the  vessel 
consists  of  a  uniform  solution  of  10  per  cent,  magnesium 
sulphate.  The  mixture  has  taken  place  by  diffusion,  and  in 
this  process  no  membrane  is  concerned.  In  dialysis  and  in 
osmosis,  on  the  other  hand,  a  membrane  is  invariably  con- 
cerned. 

Dialysis. — If  a  20  per  cent,  watery  solution  of  magnesium 
sulphate  be  placed  on  one  side,  A,  of  a  permeable  membrane,  and 
distilled  water  be  placed  on  the  other  side,  B,  it  will  again  be 
found  after  a  time  that  the  composition  of  the  fluid  on  either 
side  of  the  membrane  is  10  per  cent,  magnesium  sulphate,  but  it 
is  obvious  in  this  case  that  molecules  of  the  crystalloid  in  A 
must  have  passed  through  the  membrane  into  B.  This  process 
is  dialysis. 

Osmosis. — If  a  crystalloid  in  solution  be  separated  by  a 
perfect  semi-permeable  membrane  from  distilled  water  (the 
crystalloid  being  on  the  side  A  and  the  distilled  water  on  the 
side  B  of  the  membrane),  it  will  be  found  (1)  that  molecules  of 
water  pass  through  the  membrane  from  B  to  A  until  a  certain 
pressure  has  been  reached  on  the  side  A  of  the  membrane,  and 
that  then  the  passage  of  water  molecules  through  the  membrane 
ceases,  (2)  that  during  this  time  no  molecule  of  the  crystalloid 
passes  through  the  membrane  from  A  to  B,  (3)  that  the  pressure 
reached  in  A  before  passage  of  water  molecules  through  the 
membrane  from  B  to  A  ceases,  is  approximately  the  same  for 
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all  chemically  indifferent 1  substances  in  equimolecular  solution.2 
This  process  is  osmosis. 

The  pressure  that  is  reached  before  osmosis,  i.e.,  the  passage  of 
water  molecules  through  the  membrane,  ceases,  is,  in  the  case  of 
a  normal 3  solution  of  an  indifferent  chemical  substance,  approxi- 
mately 22-5  atmospheres.  This  pressure  is  called  the  final 
osmotic  pressure  of  the  substance.  When  dealing  not  with  in- 
different substances  but  with  electrolytes,  it  is  found  that  the  final 
osmotic  pressure  is  a  more  or  less  exact  multiple  of  the  value 
that  would  be  expected  from  a  consideration  of  the  molecular 
weight.  Thus,  the  molecular  weight  of  sodium  chloride  is  58*5, 
and  if  5 8 '5  gms.  of  sodium  chloride  were  dissolved  in  1  litre  of 
water,  it  would  be  found  that  the  final  osmotic  pressure  of  the  solu- 
tion would  be  not  22 -5  atmospheres,  as  it  would  be  if  sodium 
chloride  were  an  indifferent  substance,  but  about  44  atmospheres. 
Since  the  fundamental  conception  which  underlies  osmosis  is,  that 
it  depends  upon  the  number  of  molecules  of  the  crystalloid  present 
in  unit  volume  of  the  solvent,  and  is  independent  of  the  size  or 
the  density  of  the  molecules,  the  fact  that  the  final  osmotic 
pressure  is  nearly  double  the  amount  that  would  theoretically  be 
expected,  indicates  that  the  number  of  molecules  (exclusive  of 
the  solvent)  present  in  the  solution  is  nearly  double  that  which 
is  indicated  by  the  molecular  weight  of  the  substance.  That  is 
to  say,  if  x  molecules  of  solid  sodium  chloride  be  weighed  and 
dissolved  in  a  certain  quantity  of  water,  the  number  of  molecules 
(exclusive  of  the  water  molecules)  actually  moving  about  in  the 
solution  is  approximately  2x.  Now  it  is  obvious  that  these 
molecules  cannot  be  molecules  of  sodium  chloride,  for  only  x 
molecules  of  sodium  chloride  were  introduced,  and  it  is  assumed 

1  An  indifferent  substance  is  one  which  cannot  be  electrolysed.  Glucose  and 
urea  are  indifferent  substances. 

2  Solutions  are  said  to  be  equimolecular  when  the  amounts  of  crystalloid  which 
they  contain  bear  the  same  ratios  to  one  another  as  is  borne  by  the  molecular 
weights  of  the  crystalloids  themselves.  Thus  a  1  per  cent,  solution  of  urea  is 
equimolecular  with  a  3  per  cent,  solution  of  glucose,  a  2  per  cent,  solution  of  urea 
is-  equimolecular  with  a  6  per  cent,  solution  of  glucose,  and  so  on,  because  the 
molecular  weight  of  glucose  (180)  is  three  times  the  molecular  weight  of  urea  (60). 

5  A  normal  solution  is  one  in  which  molecular  weight  of  the  substance  in  grams 
is  dissolved  in  1  litre  of  water. 
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that  the  greater  number  of  the  sodium  chloride  molecules  when 
in  solution  "  dissociate  "  into  sodium  molecules  and  chlorine  mole- 
cules, and  that  these  move  about  in  the  solvent  independently  of 
one  another.  In  this  way  the  number  of  molecules  in  the  solu- 
tion will  be  approximately  double  that  indicated  by  the  molecular 
weight  of  the  sodium  chloride ,  and  therefore  the  final  osmotic 
pressure  will  be  approximately  double  the  theoretical  value.  It 
is  impossible  to  enter  here  into  the  theory  of  osmosis,  but  it  is 
actually  found  that  an  assumption  of  dissociation  in  the  case  of 
electrolytes  suffices  to  explain  the  apparent  exception  which  they 
offer  to  the  rule,  that  the  final  osmotic  pressure  of  all  crystalloid 
substances  in  equimolecular  solution  is  approximately  identical. 

Another  fact  which  is  of  great  interest  from  the  point  of  view 
of  osmosis  must  be  mentioned.  It  is  known  that  the  freezing 
point  of  water  is  lowered  when  it  contains  a  crystalloid  in 
solution,  and  that  the  temperature  at  which  the  solution  com- 
mences to  freeze  is  lower  according  as  the  amount  of  crystalloid 
which  it  contains  is  greater.  It  has  been  shown  by  Van't  Hoff 
and  others  that  in  the  same  way  as  the  final  osmotic  pressures 
of  indifferent  substances  in  equimolecular  solution  is  identical, 
so  the  freezing  points  of  indifferent  substances  in  equimolecular 
solution  are  identical.  Normal  solutions  in  water  of  indif- 
ferent crystalloids  freeze  at  —18*9°  C.  This  discovery  is  one  of 
very  great  importance,  since  the  estimation  of  the  final  osmotic 
pressure  of  a  solution  is  a  difficult  matter,  while  a  determina- 
tion of  its  freezing  point  is  quite  easy.  Solutions  which  have 
the  same  freezing  point,  and  which,  therefore,  have  the  same 
final  osmotic  pressure,  are  said  to  be  isotonic.  The  terms  hyper- 
tonic and  hypotonic  sufficiently  explain  themselves. 

Now,  though  it  is  certain  that  with  a  perfect  semi-permeable 
membrane  no  molecule  of  the  crystalloid  would  pass  through  the 
membrane,  such  a  condition  has  hitherto  never  been  obtained 
In  physical  experiments  on  osmosis,  a  membrane  composed  of 
copper  ferrocyanide  is  used  ;  it  is  deposited  in  the  interspaces  of 
a  porous  porcelain  cell  (similar  to  those  used  in  electric  batteries) 
by  the  chemical  interaction  of  copper  sulphate  solution  placed 
inside  the  cell,  and  potassium  ferrocyanide  solution  placed  outside 
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the  cell.  The  two  solutions  penetrate  for  a  certain  distance 
into  the  wall  of  the  cell,  and  at  their  line  of  junction  copper 
ferrocyanide  is  formed.  For  many  crystalloids,  copper  ferrocy- 
anide  is  a  perfect  or  a  nearly  perfect  membrane,  and  in  any  case 
it  is  nearer  perfection  than  any  membrane  that  has  been  devised. 
But  even  with  copper  ferrocyanide  membranes,  in  most  cases 
after  a  prolonged  experiment  the  crystalloid  is  to  be  found  on 
both  sides  of  the  membrane  ;  in  other  words,  dialysis  has  accom- 
panied osmosis.  And,  indeed,  under  ordinary  conditions  and  with 
ordinary  membranes,  dialysis  occurs  wherever  osmosis  is  taking 
place,  osmosis  occurs  wherever  dialysis  is  taking  place.  But 
the  difference  between  the  two  processes  is  that  theoretically 
osmosis  can  take  place  in  the  absence  of  dialysis  (and  practically 
it  can  be  shown  to  take  place  when  dialysis  is  so  small  as  to  be 
negligible),  whereas  dialysis  can  never  occur  in  the  absence  of 
osmosis,  even  theoretically.1 

The  first  biological  investigations  in  connection  with  osmosis 
were  made  by  de  Vries,  who  explained  thereby  the  turgescence 
of  plants.  De  Vries  found  that  when  the  cells  of  the  leaves  of 
certain  plants,  in  which  the  process  can  easily  be  watched,  are 
placed  in  a  solution  of  a  crystalloid,  the  protoplasm  shrinks  from 
the  cell  membrane,  remains  unaltered,  or  swells  up  and  distends 
the  cell  membrane  according  to  the  concentration  of  the  solution. 
He  explained  these  phenomena  by  supposing  that  the  cell  proto- 
plasm shrinks  because  water  passes  from  it  through  the  cell 
membrane  into  the  solution  of  crystalloid,  when  the  latter  is 
tonic  as  far  as  the  saline  constituents  of  the  cell  proto- 
plasm are  concerned.  In  the  same  way  the  cell  protoplasm 
swells  up  because  water  passes  into  it  through  the  cell  membrane, 
when  the  saline  constituents  of  the  cell  protoplasm  are  hyper- 
tonic so  far  as  the  solution  of  crystalloid  outside  the  cell  is  con- 
cerned. In  those  cases  in  which  neither  shrinkage  nor  swelling 
of  the  cell  protoplasm  occurs,  he  supposed  that  the  solution  of 
crystalloid  is  isotonic  with  the  cell  protoplasm.    By  adjusting 

1  The  physical  literature  of  osmosis  is  chiefly  to  be  found  in  papers  by  Van't 
Hoff,  Arrhenius,  Ostwald,  Raoult,  Guldberg  and  others  in  the  Zeitschrift  fur 
physikalische  Chemie,  from  its  commencement  in  1887. 
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the  strengths  of  different  crystalloid  solutions  he  found  that, 
when  different  crystalloids  are  used,  the  strengths  of  the  solutions 
in  which  the  cell  protoplasm  remains  unaltered  bear  constant 
and  definite  relations  to  the  molecular  weights  of  the  crystalloids 
used. 

Hamburger  applied  de  Vries's  work  to  the  red  blood-corpuscles 
and  the  blood-plasma  and  serum,  and  it  is  to  him  that  we  owe 
the  greater  part  of  our  knowledge  concerning  osmotic  phenomena 
in  connection  with  physiology.  Hamburger  used  the  red  blood- 
corpuscles  in  the  same  way  as  de  Vries  used  the  vegetable  cells. 
Starting  from  the  well-known  fact  that  blood  "  lakes  "  (in  other 
words,  that  the  haemoglobin  leaves  the  blood-corpuscles  and 
becomes  dissolved  in  the  plasma)  when  water  has  been  added  to 
the  blood,  he  investigated  the  tonicity  of  the  red  blood-corpuscles 
in  terms  of  solutions  of  sodium  chloride.  If  a  series  of  tubes  be 
arranged  containing  solutions  of  sodium  chloride  varying  in 
degree  of  concentration  from,  say,  -4  per  cent,  to  '5  per  cent.,  and 
into  each  a  small  quantity  of  a  given  specimen  of  blood  be 
dropped,  and,  after  shaking,  the  mixture  be  allowed  to  stand  for 
twenty-four  hours,  it  will  be  found  that  in  some  of  the  tubes,  e.g., 
those  containing  saline  solutions  from  *4  per  cent,  to  *46  per  cent., 
the  haemoglobin  has  left  the  corpuscles  and  has  dissolved  in  the 
saline  solution,  whereas  in  the  remainder  of  the  tubes  this  escape 
of  the  haemoglobin  has  not  taken  place.  This  phenomenon  may 
readily  be  observed,  and,  according  to  Hamburger,  it  depends 
simply  upon  a  process  of  osmosis.  From  Hamburger's  point  of 
view  in  the  example  given,  the  solutions  whose  strength  is  below 
•46  per  cent,  are  hypotonic  as  regards  the  red  blood-corpuscles,  and 
hence  water  passes  through  the  wall  of  the  corpuscles  into  the 
protoplasm  by  osmosis,  distends  the  corpuscle,  and  ultimately 
leads,  by  actual  rupture  or  by  increasing  the  permeability  of  the 
wall,  to  a  discharge  of  the  haemoglobin.  On  the  other  hand,  the 
solutions  whose  concentration  is  greater  than  -46  per  cent,  are 
hypertonic  as  regards  the  red  blood-corpuscles,  and  therefore 
water  leaves  them  by  osmosis  through  the  corpuscle  wall.  The 
corpuscle,  as  a  whole,  therefore,  shrinks,  its  wall  becomes  less  per- 
meable and  the  haemoglobin  is  retained.    The  least  concentrated 
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solution  of  sodium  chloride  in  which  haemoglobin  is  not  dis- 
charged, and  the  most  concentrated  solution  in  which  haemo- 
globin is  discharged,  Hamburger  regards  as  lying  on  either  side 
of  the  concentration  which  is  isotonic  for  the  particular  cor- 
puscles under  investigation.  Besides  sodium  chloride,  Hamburger 
investigated  a  variety  of  other  crystalloid  substances  in  solution, 
and  found,  like  de  Vries,  that  isotonic  solutions,  as  determined  by 
portions  of  the  same  sample  of  blood-corpuscles,  bear  constant 
relations  to  the  molecular  weights  of  the  crystalloids  used. 

All  kinds  of  red  blood-corpuscles  have  not  the  same  degree 
of  tonicity.  Those  of  the  rabbit  are  isotonic  with  a  markedly 
higher  concentration  of  sodium  chloride  solution  than  those  of 
man  or  the  dog.  Nor  even  have  corpuscles  from  the  same 
individual  always  the  same  tonicity.  Thus  Hamburger  found 
that  the  corpuscles  from  arterial  blood  have  a  lower  tonicity 
than  those  from  venous  blood.  This  fact  may  be  correlated  with 
the  fact  that  the  specific  gravity  of  the  red  blood-corpuscles  has 
not  one  constant  value  even  in  the  same  individual.  A  certain 
number  of  investigations  have  been  made  upon  the  tonicity  of 
the  red  blood-corpuscles  in  disease,  especially  by  von  Limbeck, 
but  they  must  be  consulted  by  those  interested  in  the  subject  in 
his  work  upon  the  Pathology  of  the  Blood. 

By  an  extension  of  his  method  Hamburger  investigated  the 
tonicity  of  the  blood-serum.  Having  found  the  tonicity  of  a 
certain  sample  of  corpuscles  in  terms  of  sodium  chloride,  he  pro- 
ceeded to  dilute  the  serum  whose  tonicity  he  wished  to  deter- 
mine with  water,  until  he  found  the  point  at  which  haemoglobin 
left  the  red  blood-corpuscles.  So  far  as  tonicity  is  concerned,  he 
concluded  that  the  diluted  serum  in  which  haemoglobin  just 
failed  to  leave  the  corpuscles  was  isotonic  with  the  solution  of 
sodium  chloride  in  which  haemoglobin  just  failed  to  leave  the 
corpuscles.  The  strength  of  this  solution  of  sodium  chloride  and 
the  degree  to  which  the  serum  was  diluted  being  known,  a 
simple  calculation  enabled  him  to  determine  the  tonicity  of  the 
undiluted  serum  in  terms  of  sodium  chloride  solution.  The 
tonicity  of  mammalian  blood-serum  estimated  in  this  way  and 
controlled  by  the  freezing-point  method  varies  under  different 
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circumstances  and  in  different  animals.  Speaking  generally, 
Hamburger  finds  that  it  corresponds  to  that  of  a  '92  per  cent, 
solution  of  sodium  chloride. 

By  some  authors  the  relations  of  the  blood-corpuscles  and 
the  plasma  are  thought  to  be  purely  physical.  But  in  the  first 
place  it  is  remarkable  that  the  tonicity  of  the  red  blood-cor- 
puscles is  so  greatly  inferior  to  the  tonicity  of  the  plasma  in 
which  they  are  suspended;  on  physical  principles  one  would 
expect  that  the  tonicity  should  be  the  same  in  both.  That  this 
is  obviously  not  the  case  indicates  that  the  relations  of  corpuscles 
and  plasma  are  not  regulated  by  osmosis  alone,  at  all  events  in 
the  sense  that  osmosis  is  usually  understood  at  the  present  day. 
In  the  second  place,  as  von  Limbeck  points  out,  this  view 
assumes  that  the  red  blood-corpuscles  have  a  cell  membrane 
and  fluid  contents,  or  at  least  in  their  structure  approximate  to 
such  conditions.  This  idea  of  the  construction  of  the  red  blood- 
corpuscle  is  certainly  not  proved.  Whether,  too,  the  haemo- 
globin simply  lies  in  the  interspaces  of  the  corpuscular  network, 
or  actually  forms  a  chemical  compound  with  the  corpuscular 
protoplasm,  as  is  suggested  by  some  authors  (Hoppe-Seyler),  is 
uncertain.  In  the  third  place,  the  tonicity  of  a  given  specimen 
of  red  blood-corpuscles  remains  constant  in  spite  of  great  altera- 
tions in  the  tonicity  of  the  blood-serum  in  which  it  is  suspended. 
Von  Limbeck1  gives  details  of  an  experiment  in  which  serum 
from  one  source  was  divided  into  three  portions.  The  tonicity 
of  one  portion  was  raised  by  addition  of  concentrated  sodium 
chloride  solution  until  it  was  equal  to  that  of  a  1-3664  per 
cent,  solution  of  sodium  chloride ;  the  tonicity  of  a  second 
portion  was  lowered  by  addition  of  water  till  it  was  equal  to 
that  of  a  *873  per  cent,  solution  of  sodium  chloride ;  the  third 
portion,  whose  tonicity  was  equal  to  that  of  a  1*008  per  cent, 
solution  of  sodium  chloride,  was  left  untouched.  Into  each  of 
these  sera  blood-corpuscles  from  the  same  sample  were  placed, 
and  it  was  found  that,  in  spite  of  the  different  tonicities  of  the 
three  sera,  the  tonicity  of  the  red  blood-corpuscles  in  each  of 
them  was  equal  to  that  of  a  *56  per  cent,  solution  of  sodium 

1  Loc.  cit.,  p.  162. 
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chloride.  It  must,  therefore,  be  concluded  that  though  osmotic 
phenomena  are  observable,  both  in  the  case  of  the  red  blood- 
corpuscles  and  in  the  case  of  the  blood-serum  (or  plasma),  yet 
the  relations  between  red  blood-corpuscles  and  plasma  are  not 
exclusively  osmotic  according  to  our  present  conceptions  of  the 
process.  How  far  Hamburger's  method  and  the  freezing-point 
method  are  reliable  for  determining  the  occurrence  or  absence  of 
osmosis  will  be  discussed  later. 

Having  described  the  physical  processes  that  may  be  concerned 
in  lymph  and  oedema-formation,  we  can  now  turn  to  the  principal 
theories  that  have  been  put  forward  in  explanation  of  the  un- 
doubted fact  that,  both  in  lymph-formation  and  in  oedema- 
formation,  fluid  leaves  the  blood-vessels,  in  the  latter  case  to 
such  an  extent  that  it  collects  in  the  tissues  and  serous  cavities. 
It  will  be  necessary  to  consider  the  theories  of  normal  lymph- 
formation  somewhat  in  detail,  partly  because  that  subject  has 
received  more  attention  than  oedema-formation  from  the  experi- 
mental point  of  view,  though  not  attention  over  a  longer  period 
of  years,  partly  because  there  is  reason  to  believe  that  the 
same  processes  obtain,  at  all  events  to  a  considerable  degree,  in 
both  cases.  Nevertheless,  it  is  impossible  to  give  more  than  a 
brief  outline  of  the  considerations  upon  which  these  theories  are 
based. 

IV.  Lymph-formation. — At  the  present  day  two  chief  views 
are  held  as  to  the  mode  of  lymph-formation.  On  the  one  hand, 
it  is  held  that  normally  the  lymph  is  separated  from  the  blood 
by  a  process  akin  to  filtration,  aided  by  osmotic  interchange  due 
to  chemical  differences  between  lymph  and  blood-plasma ;  this 
may  be  called  the  physical  theory  of  lymph-formation.  On  the 
other  hand,  it  is  held  that  normally  the  lymph  is  actively 
secreted  by  the  endothelial  cells  of  the  vessel  wall  ;  this  may 
be  called  the  vital  theory  of  lymph-formation. 

(i.)  The  Experiments  of  Ludwig  and  his  Pupils. — The 
physical  theory  of  lymph-formation  was  elaborated  by  Ludwig 
and  his  pupils  ;  they  maintained  that  lymph-formation  essentially 
depends  upon  the  difference  in  pressure  that  exists  in  the  capil- 
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laries  and  in  the  lymph  spaces  that  surround  the  capillaries,  that, 
in  other  words,  a  portion  of  the  blood-plasma  niters  through  the 
capillary  walls  and  constitutes  the  lymph.  It  was,  of  course, 
allowed  that  the  lymph,  as  found  in  the  lymphatic  vessels,  does 
not  represent  the  unaltered  fluid  that  transudes  through  the 
vessel  walls,  for  in  its  passage  between  the  tissue  cells  some  ele- 
ments are  taken  from  the  fluid,  others  are  added  to  it  by  the 
tissue  cells  themselves.  But  nevertheless  they  held  that  lymph 
is  essentially  a  filtrate.  As  a  filtrate,  too,  its  quantity  was  re- 
garded as  necessarily  dependent  upon  the  difference  between 
intra-  and  extra-capillary  pressure,  and,  therefore,  any  means 
whereby  the  capillary  pressure  was  raised  was  accompanied  by  ! 
an  increased  outflow  of  lymph.  That  this  was  the  case,  they 
held,  was  readily  to  be  seen  in  the  excessive  amount  of  lymph- 
formation  which  occurs  whenever  the  venous  pressure  in  a  part 
is  increased,  and  the  oedema  seen  in  heart  disease  was  regarded 
as  a  complete  demonstration  of  the  fact  that  increased  exudation 
goes  hand  in  hand  with  increased  venous  and  capillary  pressure. 
A  difficulty  that  was  raised  by  the  fact  that  the  fluid  which 
collects  in  the  tissues,  as  the  result  of  increased  venous  pres- 
sure (when  the  capillary  pressure  is  greatly  raised),  is  veryjDoor 
in  proteid  compared  with  fluid  poured  out  when  the  capillary 
pressure  is  not  increased  to  so  obvious  an  extent,  was  largely 
overcome  by  Kuneberg's  discovery  that  in  the  filtration  of  an 
albuminous  fluid  through  fresh  intestine  of  rabbit,  the  percentage 
of  proteid  in  the  filtrate  varies  inversely  with  the  pressure  under 
which  filtration  is  taking  place.  But  from  Ludwig's  laboratory 
itself  difficulties  in  the  way  of  Ludwig's  views  were  made  known. 
For  Paschutin  found  that  when  the  arterial  dilatation  produced 
in  the  fore  limb  of  an  animal  by  section  of  the  brachial  plexus  is 
further  increased  by  stimulation  of  the  cervical  spinal  cord,  an 
increased  flow  of  lymph  is  not  observed,  and  Emminghaus  found 
no  increase  in  lymph-flow  from  the  hind  limb  of  a  dog  after 
section  of  the  sciatic  nerve.  Yet  in  both  these  cases  the 
increased  vascularity  of  the  part  was  very  manifest,  and  removal 
of  the  peripheral  resistance  locally  must  have  raised  the  capillary 
pressure  in  the  limbs. 
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This  physical  view  of  lymph-formation — modified  to  some 
degree  by  various  conceptions  introduced  from  pathology,  to 
which  reference  will  be  made  later — was  held  almost  if  not 
quite  universally  until  Tigerstedt  and  Santesson  in  1885  and 
Heidenhain  in  1891  brought  forward  experiments  which  they 
considered  were  incompatible  with  Ludwig's  mechanical  explana- 
tion. 

(ii.)  Heidenhain's  Experiments.  — Heidenhain's  experi- 
ments were  of  two  kinds.  In  one  series  he  altered  the  pressure 
relations  in  the  blood-vessels,  in  the  other  he  injected  so-called 
"  lymphagogues  "  into  the  blood-stream.  Further,  he  introduced 
a  change  in  the  method  of  investigation  adopted  by  earlier 
workers  on  the  subject,  in  that  he  considered  the  lymph-flow 
from  the  thoracic  duct  and  not  the  lymph-flow  from  lymphatic 
vessels  in  the  limbs,  as  most  of  his  predecessors  had  done. 

That  under  some  conditions  increased  pressure  in  the  blood- 
vessels leads  to  increased  lymph-flow,  Heidenhain  considers  as 
certain.  When  the  portal  vein  is  ligatured,  for  example,  the 
increased  amount  of  more  watery  lymph  that  is  obtained  from 
the  thoracic  duct  is,  according  to  him,  produced  in  a  strictly 
mechanical  fashion ;  the  capillary  pressure  in  the  abdominal 
area  is  raised  to  a  maximum,  because  there  is  a  free  access  but 
no  outlet  for  the  blood.  But  Heidenhain  found  that  if  the  aorta 
be  obstructed  above  the  diaphragm,  though  the  arterial  blood- 
pressure,  as  registered  by  a  manometer  in  connection  with  the 
femoral  artery,  had  sunk  almost  to  zero,  very  little  change 
occurred  in  the  amount  of  lymph  obtained  from  the  thoracic 
duct,  and,  indeed,  sometimes  it  was  actually  increased.  More- 
over, artificial  obstruction  of  the  inferior  vena  cava  immedi- 
ately above  the  diaphragm  caused  a  very  large  increase  in 
the  amount  of  lymph-flow,  and  the  lymph  obtained  differed  from 
the  ordinary  lymph  of  venous  obstruction  in  being  more  concen- 
trated instead  of  being  less  concentrated  than  normal.  Thus  he 
found  that  the  lymph,  of  which  3  c.c.  containing  4-8  per  cent,  of 
solids  was  obtained  in  ten  minutes  before  obstruction,  after 
obstruction  of  the  inferior  vena  cava,  rose  in  amount  to  25  c.c. 
in  ten  minutes,  and  contained  6-6  per  cent,  of  solids.    At  the 
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same  time,  as  the  lymph-flow  was  increased,  the  arterial  Mood- 
pressure  fell  from  125  to  37  mm.  of  mercury. 

In  his  experiments  with  lymphagogues,  Heidenhain  divided 
these  substances  into  two  classes :  the  first  comprised  such  sub- 
stances as  peptone,  leech  extract,  cray-fish  extract,  mussel  extract, 
and  produce  a  very  great  outflow  of  concentrated  lymph  when 
injected  in  very  small  quantities  into  the  circulation ;  the  second 
class  comprised  crystalloids  such  as  glucose,  sodium  chloride,  etc., 
which,  when  injected  in  solution  into  the  blood,  lead  to  an  in- 
creased outflow  of  more  watery  lymph. 

In  the  case  of  both  of  these  classes  of  lymphagogue,  if  care  be 
taken,  injection  into  the  circulation  may  be  carried  out  without 
the  occurrence  of  any  alteration  in  the  arterial  blood-pressure. 
The  first  class,  according  to  Heidenhain,  acts  specifically  upon 
the  endothelial  cells  of  the  capillaries,  causing  them  to  secrete 
an  increased  amount  of  a  fluid  more  concentrated  than  the  blood- 
plasma.  Lymphagogues  of  the  second  class,  he  considers,  pro- 
duce an  increased  flow  of  more  watery  lymph,  because,  when  the 
molecules  of  crystalloid  reach  the  capillaries,  they  are  excreted 
by  the  endothelial  cells  into  the  lymph  spaces,  and  there  by 
osmosis  lead  to  a  flow  of  water  from  the  tissue  cells  into  the 
lymphatic  spaces. 

(iii.)  Starling's  Experiments. — Though  the  accuracy  of 
Heidenhain's  observations  is  allowed  on  all  hands,  his  interpreta- 
tion of  his  results  has  met,  in  certain  quarters,  with  considerable 
opposition.  In  particular,  Starling  maintains  that  Heidenhain's 
experiments  are  explicable  on  the  assumption  that  lymph-forma- 
tion is  an  expression  of  two  factors,  capillary  pressure  and  perme- 
ability of  the  vessel  wall.  Along  with  Bayliss,  Starling  pointed 
out  the  important  fact  that,  in  the  case  of  the  abdominal  viscera 
especially,  it  is  impossible  to  arrive  at  any  conclusions  concerning 
capillary  pressures  from  consideration  of  arterial  pressures.  For 
the  determination  of  capillary  pressures,  since  direct  measure- 
ment is  out  of  the  question,  we  must  rely  on  information  derived 
from  the  blood-pressure  in  the  veins.  Heidenhain's  observations 
on  blood-pressure  were  derived  from  arteries,  and  Starling,  there- 
fore, was  unable  to  accept  his  conclusion  that,  when  the  blood- 
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pressure  in  the  femoral  artery  was  reduced  to  zero  by  obstruction 
of  the  aorta  above  the  diaphragm,  the  capillary  blood-pressure 
in  the  lymph-forming  tissues  was  also  reduced  to  zero.  Directly, 
as  well  as  by  a  process  of  exclusion,  he  proved  that  the  whole 
increase  of  lymph,  which  is  seen  on  obstruction  of  the  vena  cava 
inferior  above  the  diaphragm,  comes  from  the  liver,  and  that  the 
liver  is  also  responsible  for  the  persistence  of  lymph-flow  seen 
after  obstruction  of  the  aorta  above  the  diaphragm.  But  he  and 
Bayliss  had  previously  shown  that  obstruction  of  the  vena  cava 
inferior  above  the  diaphragm  leads  to  a  great  increase  of  pressure 
both  in  the  vena  cava  and  in  the  portal  vein,  and  to  a  slowing 
of  the  circulation  through  the  liver.  Under  these  conditions 
the  liver  capillaries  are  filled  with  blood  under  an  increased 
pressure,  and  this,  combined  with  the  diminished  velocity  of  the 
circulation  through  the  liver,  is,  in  Starling's  opinion,  sufficient 
to  account  for  the  increased  flow  of  more  concentrated  lymph 
from  the  thoracic  duct  which  undoubtedly  obtains.  Obstruction 
of  the  aorta,  again,  was  found  to  produce  only  a  moderate  fall  of 
pressure  in  the  portal  vein,  and  no  fall  at  all,  or  a  slight  rise,  in 
the  blood-pressure  in  the  vena  cava  inferior,  though,  of  course, 
it  leads  to  an  enormous  fall  in  arterial  pressure  in  the  vessels 
coming  off  from  the  aorta  below  the  seat  of  obstruction.  In  both 
kinds  of  experiment,  therefore,  Starling  holds  that  the  difference 
between  intra-  and  extra-capillary  pressure  is  the  cause  of  the 
lymph-flow.  The  greater  percentage  of  solids  in  the  lymph  that 
is  obtained  both  when  the  vena  cava  inferior  and  when  the 
aorta  is  obstructed  above  the  diaphragm,  Starling  refers  to  the 
greater  admixture  of  hepatic  lymph,  which  he  finds  normally 
contains  a  larger  amount  of  solids  than  lymph  from  any  other 
part. 

With  regard  to  the  action  of  lymphagogues,  Starling  also  joins 
issue  with  Heidenhain.  Lymphagogues  of  the  first  class,  he 
maintains,  act  by  increasing  the  permeability  of  the  vessel  walls, 
especially  in  the  liver,  whereby  the  normal  or  a  slightly  raised 
blood-pressure  leads  to  a  far  greater  output  of  a  lymph  that  is 
more  concentrated  than  normal.  The  change  in  the  liver  capil- 
laries, which  results  after  injection  of  these  animal  substances 
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into  the  circulation,  he  approximates  to  the  increase  of  perme- 
ability, which,  as  will  be  said  later,  was  regarded  by  Cohnheim  as 
accountable  for  the  increased  exudation  which  occurs  in  parts 
that  are  inflamed.  Lymphagogues  of  the  second  class,  accord- 
ing to  Starling's  view,  act  by  producing  a  condition  of  hydremic 
plethora  in  which  the  capillary  pressure  is  greatly  raised.  The 
hydremic  plethora  which  occurs  on  introduction  of  a  solution 
of  glucose  into  the  circulation  had  already  been  investigated 
by  von  Brasol,  who  had  shown  by  hsemoglobinometry  that  the 
volume  of  the  circulating  blood  may  after  such  an  intra-vascular 
injection  of  glucose  be  doubled  or  even  trebled.  Starling  con- 
siders that  the  process  whereby  this  hydraemic  plethora  is  pro- 
duced on  intra-vascular  injection  of  members  of  Heidenhain's 
second  class  of  lymphagogues  is  osmosis.  He  differs  from 
Heidenhain  in  that  he  holds  that  the  osmotic  process  takes 
place  into  the  blood-vessels  while  the  molecules  of  crystalloid 
are  yet  within  them,  whereas  Heidenhain  holds  that  it  does  not 
take  place  until  the  endothelial  cells  of  the  capillaries  have 
actively  excreted  the  molecules  into  the  lymphatic  spaces.  Star- 
ling, therefore,  believes  that  there  is  no  need  to  assume  that 
the  capillary  walls  act  in  any  other  way  than  as  physical 
membranes. 

(iv.)  Hamburger's  Experiments. — Besides  Heidenhain 
and  Starling,  other  investigators  have  entered  into  the  con- 
troversy. Hamburger  investigated  the  lymph  which  flowed 
from  the  cervical  lymphatic  of  a  horse.  He  found  that  the 
osmotic  pressure  of  the  lymph  was  greater  than  the  osmotic 
pressure  of  the  serum  of  blood  taken  from  the  jugular  vein  (i.e., 
the  lymph  contained  more  crystalloid),  and  that,  the  horse's  head 
being  kept  at  rest  throughout,  when  the  animal  was  made  to 
walk,  the  amount  of  lymph  obtained  from  the  cervical  lymphatic 
was  3-5  times  as  great  as  when  the  animal  was  at  rest,  though 
at  the  same  time  the  carotid  pressure  sank.  From  these  and 
from  other  results  he  concludes  that  lymph-formation  cannot 
be  due  to  nitration,  but  is  a  secretory  process,  and  that  under 
normal  conditions  the  metabolic  products  of  the  tissues  are  the 
stimulus  which  excites  the  endothelial  cells  of  the  capillaries 
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to  activity.  Cohnstein,  who  strongly  adheres  to  the  mechanical 
theory  of  lymph-formation,  attacked  certain  conclusions  drawn 
by  Heidenhain  from  quantitative  analyses  of  blood-serum  and 
lymph,  and  was  in  his  turn  attacked  by  Mendel.  Hamburger's 
results,  too,  have  not  escaped  criticism,  for  Starling  and  Leathes 
in  particular  have  raised  objections  to  his  conclusions. 

From  the  foregoing  remarks  it  is  clear  that  the  apparently 
simple  problem  as  to  the  manner  in  which  fluid  leaves  the 
blood-vessels  and  lymph  is  formed,  is  far  from  being  settled. 

(v.)  The  Author's  Experiments. — The  author  believes 
that  filtration  and  osmosis,  as  they  are  understood  at  the  present 
day,  are  not  sufficient  to  account  for  lymph-formation ;  indeed, 
his  experiments  make  it  difficult  for  him  to  understand  how 
osmosis  can  play  any  part  in  the  process  at  all.  The  experi- 
ments to  which  reference  will  be  made  are  concerned  with 
the  increased  lymph-formation  that  occurs  after  intra-vascular 
injection  of  sodium  chloride,  glucose,  and  urea,  members  of 
Heidenhain's  second  class  of  lymphagogues.  Before  they  are 
considered,  however,  certain  physical  points  must  be  discussed. 

"When  applying  the  laws  of  osmosis  to  physiological  and  patho- 
logical problems,  care  must  be  taken  that  the  essential  conditions 
are  similar  to  those  under  which  the  physicist  worked  when 
determining  those  laws  of  osmosis.  The  importance  of  this 
point  is  self-obvious,  and  yet  in  practice  it  has  been  completely 
ignored. 

The  laws  of  osmosis  have  been  determined  by  physicists  for 
crystalloids  dissolved  in  distilled  water,  but  pure  watery  solu- 
tions— except,  perhaps,  urine,  tears,  bile,  and  sweat — are  com- 
pletely unknown  in  the  animal  body.  All  animal  fluids  contain 
proteid,  and  before  the  physical  laws  of  osmosis,  true  for  solu- 
tions in  distilled  water,  can  be  applied  to  physiological  and 
pathological  processes,  such  as  lymph-  and  oedema-formation,  it 
must  be  shown  that  those  laws  are  true  for  solutions  of  crystal- 
loids in  water  which  contains  a  certain  amount  of  proteid 
matter. 

But  further,  the  laws  of  osmosis,  as  determined  by  the 
physicist,  have  reference  to  the  point  at  which  osmosis  ceases. 


THE  INITIAL  RATE  OF  OSMOSIS. 


203 


"  the  final  osmotic  pressure."  "  Indifferent  crystalloid  sub- 
stances in  equimolecular  solution  have  the  same  final  osmotic 
pressure"  "  solutions  of  crystalloids  which  have  the  same  freez- 
ing point  have  the  same  final  osmotic  pressure"  But  when  it 
is  considered  how  great  is  the  final  osmotic  pressure,  it  is  clear 
that  only  when  the  solutions  are  extremely  dilute  can  the  final 
osmotic  pressure  be  reached  in  the  animal  body.  A  '1  per  cent, 
solution  of  sodium  chloride  has  a  final  osmotic  pressure  of  about 
580  mm.  of  mercury,  an  amount  approximately  four  times  the 
pressure  in  the  aorta  of  a  large  dog,  and  probably  three  or  four 
times  the  aortic  blood-pressure  in  man.  It  is  impossible  to 
believe  that  such  pressures  could  be  borne  by  cell  membranes  or 
capillary  walls,  and  yet  variations  in  the  amount  of  sodium 
chloride  present  in  the  body  naturally,  or  artificially  introduced 
during  experiment,  may  easily  equal  or  exceed  -1  per  cent.  If 
osmosis  occurs  in  the  animal  body,  therefore,  it  must  proceed  at 
pressures  far  below  the  final  osmotic  pressure ;  at  pressures, 
indeed,  which  are  but  slightly  greater  than  the  atmospheric 
pressure.  It  is  the  rate  at  which  osmosis  takes  place  and  not  the 
pressure  at  which  it  ceases  that  is,  in  my  opinion,  the  all- 
important  consideration  from  a  biological  point  of  view. 

Now  the  law  that  indifferent  crystalloids  in  equimolecular 
solution  have  the  same  final  osmotic  pressure  is  only  concerned 
with  the  pressure  at  which  osmosis  comes  to  a  standstill.  Con- 
cerning the  length  of  time  that  elapses  before  the  final  osmotic 
pressure  is  reached,  i.e.,  concerning  the  rate  at  which  osmosis  pro- 
ceeds, in  the  case  of  different  crystalloids,  it  has  nothing  to  say. 
It  is  true,  for  example,  that  decinormal  solutions  of  glucose  and 
urea  have  a  final  osmotic  pressure  of  approximately  2*5  atmos- 
pheres, and  though  a  priori  one  would  imagine  that  such  solu- 
tions should  reach  their  final  osmotic  pressure  in  the  same 
length  of  time,  i.e.,  that  osmosis  at  any  given  moment  should 
proceed  in  both  solutions  at  the  same  rate,  this  is  an  unjusti- 
fiable assumption  in  the  absence  of  direct  experiment.  More- 
over, chemists  and  physicists  who  have  worked  on  the  subject  of 
final  osmotic  pressures  readily  admit  that,  in  the  case  of  different 
crystalloids  in  isotonic  solution,  the  time  which  elapses  before  the 
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final  osmotic  pressure  is  reached  is  very  different.  But  since 
it  is  the  rate  of  osmosis,  and  especially  the  rate  of  osmosis  at 
pressures  not  far  removed  from  atmospheric  pressure,  and  not  the 
final  osmotic  pressure  that  is  of  importance  in  considering  the 
possible  effect  of  osmotic  processes  in  the  animal  body,  it  is  only 
if  the  laws  of  osmosis  that  apply  to  the  final  osmotic  pressure 
apply  also  to  the  rate  of  osmosis  that  those  laws  can  be  used 
to  explain  biological  processes.  Practically,  the  rate  at  which 
osmosis  takes  place  before  any  additional  pressure  is  produced 
— the  initial  rate  of  osmosis — is  the  one  which  can  most  readily 
be  determined,  and  it  is  to  the  initial  rates  of  osmosis  of  such 
substances  as  sodium  chloride,  glucose,  and  urea,  and  to  the  effect 
of  the  presence  of  proteid  in  the  solutions  upon  those  initial 
rates  of  osmosis,  that  attention  must  be  turned  for  a  short  time. 

It  is  impossible  to  refer  here  to  the  methods  adopted,  or  to 
the  actual  experiments  in  detail,  but  the  results  obtained  were 
very  clear.  They  showed  that  the  final  osmotic  pressure  gives 
no  information  whatever  concerning  the  initial  rate  of  osmosis, 
even  when  the  membrane  used  is  copper  ferrocyanide,  and  that 
when  the  membrane  used  is  prepared  peritoneal  membrane  of 
calf,  which  presumably  bears  a  closer  resemblance  to  a  living 
animal  membrane  than  copper  ferrocyanide,  the  absence  of  cor- 
relation is  even  more  marked.  Thus  it  was  found,  when  using 
prepared  peritoneal  membrane  of  calf  and  decinormal  watery 
solutions  of  sodium  chloride,  glucose,  and  urea,  that  the  initial 
rate  of  osmosis  with  glucose  is  greater  than  that  with  sodium 
chloride,  and  the  initial  rate  of  osmosis  with  sodium  chloride 
greater  than  that  with  urea.  And  this,  though  determinations 
of  the  freezing  point  showed  that  the  final  osmotic  pressure  of 
the  glucose  and  the  urea  solutions  was  the  same,  and  the  final 
osmotic  pressure  of  the  sodium  chloride  solution  was  approxi- 
mately double  that  of  either  of  them. 

A  very  clear  demonstration  of  the  insufficiency  of  deter- 
minations of  the  final  osmotic  pressure,  for  deciding  whether 
osmosis  can  or  cannot  take  place  at  atmospheric  pressure 
between  two  solutions  of  different  composition  on  either  side 
of  a  membrane,  is  readily  given.     It  has  been  commonly 
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assumed  that  osmosis  cannot  take  place  between  two  "  isotonic  " 
solutions,  i.e.,  two  solutions  having  the  same  final  osmotic 
pressure.  Further,  it  has  been  assumed  that  if  two  solutions, 
not  isotonic,  are  placed  on  either  side  of  a  membrane,  osmotic 
flow  will  take  place  from  the  "  hypotonic  "  to  the  "  hypertonic  " 
solution.  Now  decinormal  sodium  chloride  solution,  since  it  has 
a  lower  freezing  point  than  decinormal  glucose  solution,  is 
"  hypertonic  "  as  regards  decinormal  glucose  solution,  and,  follow- 
ing the  commonly  accepted  belief,  if  decinormal  glucose  solution 
be  separated  by  a  membrane  from  decinormal  sodium  chloride 
solution,  the  osmotic  flow  should  be  from  the  glucose  solution 
to  the  sodium  chloride  solution.  But  if  the  statement  made 
above  be  correct,  that  with  a  peritoneal  membrane  and  deci- 
normal solutions,  the  initial  rate  of  osmosis  with  glucose  is 
greater  than  that  with  sodium  chloride,  it  follows  that  at  atmos- 
pheric pressure,  the  osmotic  flow  should  be  in  exactly  the  reverse 
direction  to  that  which  consideration  of  the  final  osmotic 
pressures  would  lead  us  to  suppose.  That,  in  other  words, 
assumptions  made  from  consideration  of  the  final  osmotic 
pressure  would  not  be  borne  out  by  fact  at  a  time  when  osmosis 
was  taking  place  with  the  utmost  ease.  It  can  be  shown  by 
actual  experiment  that  this  is  the  case,  and  that  at  atmospheric 
pressure,  water  passes  by  osmosis  from  the  so-called  "  hyper- 
tonic "  sodium  chloride  solution  to  the  so-called  "  hypotonic  " 
glucose  solution.  In  the  same  way  the  idea  that  osmosis  can- 
not occur  between  the  so-called  "  isotonic  "  decinormal  solutions 
of  urea  and  glucose  is  not  borne  out  by  experiment,  for  at 
atmospheric  pressure,  and  using  a  prepared  peritoneal  mem- 
brane, osmosis  readily  takes  place  from  the  urea  solution  to  the 
glucose  solution. 

The  explanation  of  these  results,  even  if  a  satisfactory  ex- 
planation had  been  given,  does  not  concern  us  here.  The  lesson 
they  teach  is  that,  at  pressures  which  are  within  reasonable  limits 
of  possibility  for  the  animal  body,  conclusions  as  to  the  occurrence 
or  non-occurrence  of  osmosis,  drawn  from  determinations  of  the 
final  osmotic  pressure,  or  what  amounts  to  the  same  thing,  from 
the  freezing  point,  are  utterly  fallacious. 
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But  even  if  we  have  come  to  the  conclusion  that  in  animal 
experiments  with  reference  to  osmosis  we  must  substitute  initial 
rates  of  osmosis  for  final  osmotic  pressures,  there  remains  the 
question  whether  the  presence  of  proteid  material  in  the  solu- 
tion has  an  effect  or  is  without  effect  upon  osmosis.  This 
point  has  been  investigated  by  the  author  in  three  different 
series  of  experiments. 

In  the  first  series,  distilled  water  to  which  1  c.c.  per  litre  of 
horse's  blood-serum  had  been  added,  was  made  to  take  the  place 
of  distilled  water  throughout.1  Instead  of  being  dissolved  in 
distilled  water,  the  solid  crystalloids  were  dissolved  in  this 
faintly  albuminous  water ;  instead  of  placing  distilled  water  on 
the  other  side  of  the  membrane,  faintly  albuminous  water  was 
placed  on  the  other  side  of  the  membrane.  In  the  second  series, 
unaltered  ox  blood-serum  was  used  as  the  solvent  for  the 
crystalloids  and  as  the  fluid  on  the  other  side  of  the  membrane. 
In  the  third  series,  unaltered  blood-serum  of  oxen,  horses,  and 
sheep  were  placed  on  one  side  of  the  membrane,  and  on  the 
other  were  placed  watery  solutions  of  sodium  chloride  in  different 
degrees  of  concentration.  Each  of  these  series  must  be  con- 
sidered separately. 

In  the  first  series,  where  the  conditions  were  identical  with 
those  obtaining  in  the  experiments  that  have  previously  been 
described,  excepting  that  faintly  albuminous  water  took  the 
place  of  distilled  water,  it  was  found  that  the  initial  rates  of 
osmosis  of  the  crystalloids,  though  they  bore  the  same  ratios  to 
one  another,  were  greatly  reduced.  The  initial  rate  of  osmosis 
with  glucose  was  still  greater  than  that  with  sodium  chloride, 
the  initial  rate  of  osmosis  with  sodium  chloride  still  greater  than 
that  with  urea,  but  the  values  obtained  were  less  by  about  one- 
third  than  those  obtained  with  distilled  water,  and  in  the 
absence  of  even  this  minute  trace  of  proteid.  Proteid  material, 
therefore,  even  if  present  only  in  traces,  greatly  impedes  osmosis. 
This  is  the  more  important,  in  that  the  amount  of  proteid  added 
was  insufficient  to  produce  any  alteration  in  freezing  point  of 

1  This  faintly  albuminous  water  contained  about  '0075  per  cent,  of  proteid,  for 
of  course  the  greater  proportion  of  the  added  horse  serum  was  water  alone. 
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the  solutions,  and  was  not  recognisable  by  any  of  the  ordinary 
tests,  though  the  precipitation  of  globulins  in  the  distilled  water 
led  to  a  slight  haziness  of  the  fluid  when  seen  in  bulk. 

In  the  second  series,  where  highly  albuminous  fluid  was 
used  as  the  solvent  and  as  the  fluid  on  the  other  side  of  the 
membrane,  the  initial  rate  of  osmosis  was  further  reduced.  The 
marked  diminution  in  initial  rate  of  osmosis  that  occurs  with 
faintly  albuminous  solutions  would  naturally  lead  one  to 
expect  that,  when  the  amount  of  proteid  present  is  so  great 
as  it  is  when  unmodified  serum  is  used,  osmosis  should  not 
occur  at  all.  With  urea  this  was  found  to  be  the  case  even 
over  a  prolonged  period,  but  with  glucose  and  with  sodium 
chloride,  osmosis  occurred,  though  the  initial  rates  of  osmosis 
were  less  than  half  the  initial  rates  obtained  when  distilled 
water  was  used  as  solvent  and  as  fluid  on  the  other  side  of  the 
membrane. 

In  the  third  series  of  experiments,  which  was  carried  out  at 
37°  C,  it  was  found  that  the  strength  of  sodium  chloride  solution, 
which  it  is  necessary  to  place  on  the  other  side  of  the  membrane 
before  osmotic  equilibrium  is  produced,  is — speaking  generally — 
1*6  per  cent.,  in  spite  of  the  fact  that  the  tonicity  of  the  serum, 
as  determined  by  Hamburger's  method  and  by  the  freezing- 
point  method,  gives  a  value  of  about  '95  per  cent,  sodium  chloride 
as  the  isotonic  strength.  It  was  further  found  that  the  greater 
the  amount  of  proteid  in  the  albuminous  solution  (the  crystal- 
loids being  taken  as  constant)  the  more  concentrated  must  be 
the  sodium  chloride  solution  on  the  other  side  of  the  membrane 
which  shall  be  in  osmotic  equilibrium  with  it. 

From  all  these  experiments,  three  points  stand  clearly  forward  : 
(1)  it  is  impossible,  from  considerations  of  the  final  osmotic  pres- 
sure or  of  the  freezing  points  of  crystalloids  in  equimolecular 
solution,  to  make  deductions  concerning  the  initial  rates  of  osmosis 
of  those  crystalloids ;  (2)  osmosis  is  impeded  by  the  presence  of 
proteid  material  in  the  fluids  ;  (3)  the  greater  the  amount  of  pro- 
teid in  a  crystalloid  solution  the  greater  must  be  the  concentration 
of  a  watery  solution  of  sodium  chloride  on  the  other  side  of  the 
membrane  necessary  to  produce  osmotic  equilibrium  at  atmos- 
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pheric  pressure.  An  important  point  shown  by  the  experiments, 
which  does  not  concern  us  here,  but  to  which  reference  will  be 
made  when  discussing  absorption,  is  that  dialysis  is  impeded  to 
a  far  less  extent  by  the  presence  of  proteid  in  the  solutions  than 
is  osmosis. 

The  author's  animal  experiments  in  connection  with  lymph- 
formation  were  chiefly  directed  towards  the  following  questions. 
1.  On  intra-vascular  injection  of  such  quantities  of  sodium 
chloride,  glucose,  and  urea,  severally,  as  bring  the  amounts  of 
those  substances  in  the  blood  up  to  the  point  at  which  the 
blood  theoretically  becomes  a  decinormal  (blood)  solution  of  the 
crystalloid  injected,  do  the  amounts  of  lymph-flow  obtained 
from  the  thoracic  duct  bear  the  same  ratios  to  one  another  as 
are  borne  by  the  initial  rates  of  osmosis  of  those  substances  to 
one  another  ?  That  is  to  say,  is  the  amount  of  lymph-flow  after 
intra-vascular  injection  of  glucose  greater  than  that  after  intra- 
vascular injection  of  sodium  chloride,  the  amount  of  lymph-flow 
after  intra-vascular  injection  of  sodium  chloride  greater  than 
that  after  intra-vascular  injection  of  urea  ?  If  this  be  so, 
there  is  reason  to  conclude  that  the  capillary  wall  is  a 
physical  membrane  similar  to  prepared  peritoneal  membrane 
of  calf.1 

It  was  found  that  such  a  correspondence  does  not  obtain. 
After  intra-vascular  injection  of  sodium  chloride  the  amount  of 
lymph-flow  is  greater  than  after  injection  of  glucose,  whereas 
the  initial  rate  of  osmosis  with  sodium  chloride  is  less  than  the 
initial  rate  of  osmosis  with  glucose.  Urea  maintains  the  lowest 
position,  both  as  far  as  concerns  its  initial  rate  of  osmosis  and 
the  increased  amount  of  lymph-flow  which  its  intra-vascular 
injection  calls  forth.  It  was  further  found  (and  this  point  is 
very  important),  that  in  the  same  animal,  when  the  amount  of 
water  present  in  the  tissues  and  available  for  osmosis  has  been 
diminished  by  loss  of  lymph,  etc.,  injection  of  a  crystalloid  with 

1  If  such  ratios  are  not  found  it  does  not  follow  that  the  capillary  wall  is  not  a 
physical  membrane,  for  Graham  and  Lothar  Meyer  both  pointed  out  that  osmosis 
is  greatly  affected  by  the  nature  of  the  membrane,  even  though  it  always  be  a 
dead  membrane  ;  it  only  follows  that  the  capillary  wall  is  a  membrane  not  com- 
parable with  prepared  peritoneal  membrane  of  calf. 
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a  lower  initial  rate  of  osmosis  (urea)  may  lead  to  a  greater 
increase  in  the  amount  of  lymph-flow  than  that  to  which  injec- 
tion of  an  equal 1  amount  of  another  crystalloid  with  a  higher 
initial  rate  of  osmosis  (glucose)  has  led,  when  the  amount  of 
water  present  in  the  tissues  and  available  for  osmosis  had  not 
been  diminished  by  loss  of  lymph,  etc. 

2.  Is  intra- vascular  injection  of  a  crystalloid  in  solution 
followed  by  a  temporary  diminution  in  the  amount  of  lymph- 
flow  from  the  thoracic  duct  ?  If,  on  intra -vascular  injection  of 
a  crystalloid,  water  enters  the  blood-vessels  by  osmosis,  the 
first  water  that  enters  must  be  derived  from  the  lymphatic  spaces 
which  immediately  surround  the  capillaries.  Since  these  spaces 
are  in  direct  connection  with  the  lymphatic  vessels  and  the 
thoracic  duct,  the  first  effect  of  such  intra-vascular  injection  of 
crystalloid  must  be  a  diminution  in  the  amount  of  lymph-flow 
from  the  thoracic  duct :  the  lymph,  instead  of  passing  out  by 
the  thoracic  duct,  passes  directly  into  the  blood-vessels. 

The  importance  of  this  question  had  not  escaped  the  notice 
of  Heidenhain,  who  states  that  he  never  found  a  diminution 
but  always  an  acceleration  of  the  lymph-flow  from  the  very 
first.  Cohnstein,  on  the  other  hand,  found  a  preliminary  and 
marked  diminution  in  the  lymph-flow  from  the  thoracic  duct 
on  intra-vascular  injection  of  a  crystalloid.  The  author  made 
thirty-one  investigations  upon  this  point,  of  which  twenty-two 
were  in  favour  of  Heidenhain,  nine  in  favour  of  Cohnstein. 

3.  If  the  increase  in  amount  of  lymph-flow  be  due  to  in- 
creased filtration,  the  changes  in  venous  blood-pressure  which 
result  from  intra-vascular  injection  of  a  crystalloid,  and 
which  are  an  indication  of  the  changes  in  capillary  blood- 
pressure,  must  be  identical  in  direction  with  the  changes 
given  by  the  lymph-flow.  Is  output  of  lymph  greatest  when 
venous  pressure  is  highest  ?    Does  the  output  of  lymph  return 

1  I.e.,  molecularly  ;  the  percentage  composition  of  the  glucose  solution  (mol. 
wt.  of  glucose  =  180)  was  of  course  exactly  three  times  the  percentage  composition 
of  the  urea  solution  (mol.  wt.  of  urea  =  60).  The  volume  of  solution  injected  into 
the  circulation  in  all  the  experiments  was  one- four  hundredth  of  the  body  weight 
of  the  animal ;  the  object  of  this  was  to  introduce  as  little  as  possible  beyond  the 
crystalloid,  and  in  any  case  to  inject  comparable  quantities  throughout. 
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to  the  normal  level  when  the  venous  pressure  returns  to 
normal  ? 

It  was  found1  that  the  maximum  pressure  in  the  inferior 
vena  cava  occurs  within  two  minutes  of  the  end  of  injection  of 
the  crystalloid,  whereas  the  maximum  flow  of  lymph  from  the 
thoracic  duct  is  not  obtained  until  about  ten  minutes  have 
elapsed ;  and  that,  further,  the  output  of  lymph  from  the 
thoracic  duct  is  greater  than  normal,  frequently  for  half  an  hour 
after  the  pressure  in  the  inferior  vena  cava  has  again  fallen  to 
normal  or  even  fallen  below  normal. 

Two  additional  difficulties  in  the  way  of  accepting  a  purely 
physical  explanation  of  lymph-formation  must  also  be  men- 
tioned. When  a  large  quantity  of  normal  saline  solution  is 
injected  into  the  circulation,  the  specific  gravity  of  the  blood 
falls,  but  rapidly  rises  again,  and  does  not  cease  to  rise  until  it 
has  reached  a  higher  level  than  obtained  previous  to  the  injec- 
tion. At  this  moment  the  blood  contains  a  smaller  percentage 
of  water  than  it  did  before  injection,  and  it  can  be  shown  that 
the  actual  volume  of  the  plasma  has  diminished.  It  follows 
from  this,  that  more  fluid  has  left  the  blood-vessels  than  was 
introduced  with  the  intra- vascular  injection,  and  it  is  extremely 
difficult,  if  not  impossible,  to  understand  how  this  can  occur  if 
we  are  limited  to  filtration  and  osmosis  in  our  explanation  of 
the  process.  It  is  useless  to  suggest  that  the  permeability  of 
the  vessel  wall  is  [increased,2  for  the  phenomenon  is  only  seen 

1  My  results,  though  not  my  conclusions,  in  this  respect  agree  with  those  of 
Starling. 

2  I  have  never  been  able  to  grasp  the  adequacy  of  any  explanation  of  either  lymph  - 
or  oedema- formation  which  appeals  to  alterations  in  the  "permeability"  of  the 
vessel  wall.  The  only  test  which  we  possess  for  showing  that  a  capillary  wall  is 
more  1 '  permeable  "  than  normal,  is  the  fact  that  the  amount  of  lymph-flow  is  in- 
creased while  the  lymph  contains  a  greater  percentage  of  solids.  To  explain  an 
observed  increase  in  the  amount  and  concentration  of  the  lymph  by  an  increased 
' '  permeability  "  of  the  capillary  wall  is  therefore  to  reason  in  a  circle.  But  more 
than  this,  such  an  attempted  explanation  only  obscures  the  matter.  In  the  case 
of  a  dead  membrane,  variations  in  permeability  are  due  to  physical  conditions  as 
opposed  to  vital  conditions,  and  variations  in  the  amount  of  fluid  which  passes 
through  the  membrane  may  rightly,  cceteris  paribus,  be  taken  as  a  test  of 
variations  in  permeability,  though  of  course  they  give  no  indication  as  to  the 
physical  changes  which  take  place  in  the  membrane.  But  in  the  case  of  a  living 
membrane  the  test  fails  completely,  in  that  variations  in  the  amount  of  fluid  which 
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after  the  first,  or  first  and  second,  injections  of  a  series.  If  it  be 
assumed  that  in  these  injections  the  permeability  of  the  vessel 
wall  is  increased,  it  must  be  assumed  in  the  case  of  later  injec- 
tions of  the  series  where  the  phenomenon  is  absent,  and  where 
the  capillary  pressure,  as  shown  by  the  venous  pressure,  is  also 
raised,  that  the  permeability  of  the  vessel  wall  returns  to 
normal  or  even  becomes  diminished. 

The  other  difficulty  has  especial  reference  to  the  part  played 
by  osmosis  in  lymph-formation.  It  has  been  said  that  the 
greater  the  amount  of  proteid  in  the  solution  (blood-serum),  the 
more  concentrated  must  be  the  sodium  chloride  solution  on  the 
other  side  of  the  membrane  in  a  physical  apparatus,  which  shall 
be  in  osmotic  equilibrium  with  it  at  37°  C.  and  at  atmospheric 
pressure.  It  follows,  since  lymph  contains  less  proteid  than  blood, 
that  it  is  in  osmotic  equilibrium,  under  the  conditions  given,  with 
a  more  dilute  solution  of  sodium  chloride  than  is  the  blood  whence 
the  lymph  is  formed.  Now,  if  a  weak  solution  of  sodium 
chloride  is  placed  on  one  side  of  a  membrane,  and  a  strong 
solution  of  sodium  chloride  is  placed  on  the  other,  the  osmotic; 
flow  is  from  the  weak  towards  the  strong  solution,  and  hence 
experiments  on  an  artificial  scheme  would  seem  to  indicate  that 
if  osmosis  occurred  in  the  animal  body,  its  only  effect  would  be 
to  withdraw  water  from  the  body  generally  into  the  blood- 
vessels so  long  as  the  blood  continued  to  be  a  more  highly 
albuminous  fluid  than  the  lymph. 

passes  through  the  membrane  may  either  be  evidence  of  an  increased  permeability 
in  the  physical  sense,  or  evidence  of  the  greater  exercise  by  a  living  tissue  of  its 
specific  function,  or  evidence  of  both.  The  dead  capillary  wall  undoubtedly  allows 
more  fluid  to  pass  through  it  than  the  living  capillary  wall,  but  secretion — a  process 
which  in  its  essential  conception  is  bound  up  with  life — is  impossible,  and,  there- 
fore, if  lymph-  and  oedema- formation  were  associated  with  dead  capillary  walls,  no 
obscurity  would  be  introduced  by  use  of  the  term  "permeable."  But  lymph-  and 
oedema- formation  occur  when  the  capillary  wall  is  living,  and  the  processes  may 
be  either  such  as  one  could  imitate  with  a  dead  membrane  or  be  such  as  one  could 
under  no  known  condition  imitate  with  a  dead  membrane.  Consequently,  any 
theory  which  attempts  to  explain  increased  lymph-formation  or  oedema-forma- 
tion by  an  increased  permeability  of  the  capillary  walls  does  not  do  so,  but  simply 
re-states  in  other  words  the  already  known  fact  that  more  fluid  passes  out  of  the 
blood-vessels  It  leaves  the  question  as  to  whether  the  increased  transudation  is 
a  physical  or  is  a  vital  process  completely  untouched,  or  rather,  since  "per- 
meability "  is  a  physical  term,  it  tacitly  assumes  the  very  point  at  issue. 


212 


THE  PATHOLOGY  OF  THE  BLOOD. 


But  though  the  author's  experiments  lead  him  to  believe  that 
lymph  is  formed  by  a  secretory  process,  it  is  necessary,  before 
leaving  the  subject,  to  mention  that  he  has  met  with  facts 
capable  of  a  purely  physical  explanation.  Thus,  after  intra- 
vascular injection  of  sodium  chloride,  glucose,  and  urea,  the 
falls  in  specific  gravity  of  the  blood  and  the  relative  increases  of 
lymph-flow  vary  directly  with  the  initial  rates  of  osmosis  of  the 
three  crystalloids  through  a  copper-ferrocyanide  membrane;  so 
also  the  relative  increase  of  lymph-flow  in  different  animals  after 
intra-vascular  injection  of  weak  saline  solution  in  amounts 
bearing  a  constant  ratio  to  the  body  weight,  is  approximately  a 
constant. 

V.  (Edema  -  formation.  —  (i.)  Clinical  Varieties  of 
(Edema. — If  the  subject  of  oedema-formation  has  derived 
many  of  its  arguments  from  investigations  made  on  lymph- 
formation,  the  converse  is  none  the  less  true,  for,  long  before 
Ludwig  and  his  pupils  performed  experiments  with  reference 
to  lymph-formation,  Eichard  Lower  investigated  experimentally 
certain  forms  of  oedema. 

Etymologically,  the  very  name  "  dropsy."  by  which  oedema  is 
frequently  known,  is  evidence  of  its  early  clinical  recognition, 
and,  as  a  matter  of  fact,  it  was  described  by  Hippocrates  in  the 
fifth  century  B.C.  Clinically,  the  varieties  of  oedema  are  divided 
according  to  the  conditions  under  which  oedema  shows  itself. 
Thus  there  is  ':  cardiac "  oedema,  "  renal "  oedema,  "  inflamma- 
tory "  oedema,  "  cachectic  "  oedema,  "  chlorotic "  oedema,  and 
so  on. 

(a)  The  (Edema  of  Passive  Congestion. — Frequently  those  forms 
of  oedema  in  which  the  clinical  condition  is  associated  with 
increased  venous  pressure  are  included  under  the  one  name  of 
"  passive "  oedema.  Examples  of  this  so-called  passive  oedema 
or  dropsy  are  seen  in  the  oedematous  condition  of  the  sub- 
cutaneous tissues,  and  the  collections  of  fluid  in  the  pleural 
(hydro-thorax),  pericardial  (hydro-pericardium),  and  peritoneal 
(ascites,  hydro-peritoneum)  cavities  found  in  the  later  stages 
of,  cardiac  disease;  in  the  ascites  which  occurs  when  obstruc- 
tion to  the  flow  of  blood  in  the  portal  veins  is  introduced 
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by  cirrhosis  of  the  liver ;  in  the  oedema  of  the  hand  or  finger 
occurring  as  the  result  of  venous  obstruction,  produced  by  a 
tight  surgical  bandage  or  a  tight  ring.  The  characteristic  points 
about  these  forms  of  oedema  are  that  the  oedema  fluid  exudes 
from  the  capillaries  and  the  small  veins  on  the  distal  side  of  the 
cause  of  venous  obstruction,  and  that  it  shows  itself  first  where 
the  pressure  is  greatest.  Thus,  in  the  case  of  cardiac  disease, 
the  first  signs  of  oedema  are  seen  about  the  ankles,  where  such 
venous  obstruction  as  is  due  to  the  central  lesion  is  aided  to  the 
greatest  extent  by  the  effect  of  gravity. 

(b)  Inflammatory  CEdema.  —  Inflammatory  oedema  occurs  in 
the  neighbourhood  of  a  focus  of  inflammation,  and  from  many 
points  of  view  it  would  be  more  convenient  to  discuss  its  pathol- 
ogy in  the  following  chapter,  but  on  the  whole  it  seems  better 
to  discuss  it  along  with  the  exudations  generally.  In  its  dis- 
tribution it  is  localised,  and  in  this  respect  it  resembles  the 
oedema  of  passive  congestion  ;  but,  as  will  be  shown  immediately, 
in  respect  of  its  chemical  composition  and  of  some  of  its  pro- 
perties, it  differs  greatly  from  the  oedema  of  passive  congestion. 

(c)  Renal  CEdema. — The  oedema  which  is  seen  in  renal  disease 
is  of  two  kinds.  One  variety  is  proper  to  renal  disease  itself 
and  is  met  with  in  acute  nephritis.  It  is  a  general,  soft  oedema, 
and  is  characterised  by  the  facts  that  its  distribution  seems  to 
be  independent  of  gravity,  and  that  it  shows  itself  first  where 
the  tissues  are  most  lax.  Thus  it  is  earliest  seen  in  the  loose 
tissue  of  the  eyelids.  There  can  be  no  doubt  that  the  dropsy 
described  by  Hippocrates  was  of  this  nature.  The  other  variety 
of  renal  oedema  is,  strictly  speaking,  not  renal  at  all,  but  cardiac. 
It  shows  the  characteristic  distribution  of  cardiac  oedema,  and, 
as  in  the  case  of  every  oedema  that  is  associated  with  venous 
obstruction,  considerable  pressure  must  be  exerted  by  the  finger 
before  "  pitting  "  is  seen.  It  accompanies  not  acute  but  chronic 
renal  disease.  The  rationale  of  its  causation  certainly  is  that 
the  hypertrophy  of  the  left  ventricle,  which  commonly  occurs 
along  with  chronic  interstitial  nephritis,  commences  to  fail. 
Consistently  with  this  explanation,  it  is  found  that  this  variety 
of  oedema  is  associated  with  other  signs  of  cardiac  failure,  such 
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as  the  appearance  of  valvular  murmurs,  pulsation  of  the  veins 
in  the  neck,  cyanosis,  etc. 

(d)  CEdema  of  Cachexia. — Cachectic  oedema  is  usually  far  less 
marked  than  either  cardiac  or  renal  oedema.  It  is  often  limited 
to  the  appearance  of  a  small  amount  of  swelling  in  the  neigh- 
bourhood of  the  ankles.  It  may  occur  under  almost  any  con- 
dition in  which  the  health  of  the  patient  is  severely  broken,  and 
is  generally  associated  with  pronounced  anaemia. 

(e)  Chlorotic  CEdema. — Chlorotic  oedema  is  a  somewhat  mis- 
leading term.  There  is  no  doubt  that  chlorosis  is  often  asso- 
ciated with  the  presence  of  small  amounts  of  oedema  about  the 
ankles,  and  the  general  doughiness  of  the  skin  and  subcutaneous 
tissue  which  is  commonly  seen  in  chlorosis,  is  probably  in  part 
of  the  nature  of  an  oedema.  But  it  is  only  because  chlorosis  is 
the  most  common  variety  of  anaemia,  and  not  because  of  any 
special  peculiarity  in  chlorosis  itself  that  the  name  chlorotic 
oedema  is  justifiable.  For  oedema  may  be  present  in  all  forms 
of  anaemia,  provided  that  they  are  severe  and  of  some  standing. 
There  is  one  point,  however,  which  is  worthy  of  mention,  and  it 
is  that  in  many  cases  of  chlorosis,  as  shown  independently  by 
A.  E.  Garrod  and  by  Dickinson,  the  pulse  suggests  that  a  renal 
element  is  present  in  the  condition.  It  is  therefore  possible 
that  in  such  cases  the  oedema  is  of  a  mixed  anaemic  and  renal 
nature. 

(ii.)  Composition  of  (Edema  Fluids. — The  composition  of 
dropsical  fluid,  speaking  generally,  is  the  same  as  that  of  blood- 
plasma,  excepting  that  it  is  more  dilute.  Instead  of  containing 
about  91  per  cent,  of  water  as  does  blood-serum,  dropsical  fluids 
contain  96  per  cent,  or  more.  The  essential  difference  between 
the  two  fluids  consists  in  the  relative  amounts  of  proteid  which 
they  contain,  for  the  amount  of  salts  in  both  is  approximately 
the  same.  In  this  respect  dropsical  fluids  resemble  lymph. 
Nevertheless,  in  all  dropsical  fluids  there  is  a  far  greater  amount 
of  proteid  than  in  ordinary  lymph,  and  even  in  those  cases 
where  the  fluid  contains  the  least  amount  of  proteid,  there  is 
usually  enough  present  to  convert  the  fluid  into  a  solid  mass  on 
boiling. 
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The  composition  of  dropsical  fluids,  however,  varies  in  the 
different  forms  of  oedema.  Thus  the  fluid  which  exudes  in  parts 
that  are  the  subject  of  venous  congestion  is  of  a  lower  specific 
gravity  and  contains  less  proteid  than  fluid  which  is  poured 
out  during  an  inflammatory  process.  In  the  former  case  the 
specific  gravity  will  be  perhaps  1008,  in  the  latter  1018.  More- 
over, the  composition  of  dropsical  fluids  varies  according  to  the 
situations  in  which  they  are  found  when  they  are  induced  by 
one  and  the  same  general  disease.  They  may  be  arranged  in 
the  following  order  according  to  their  richness  in  proteid  :  (1) 
pleuritic  fluid  ;  (2)  peritoneal  fluid  ;  (3)  cerebro-spinal  fluid  ;  (4) 
fluid  of  subcutaneous  oedema.  This  is  well  shown  in  the  follow- 
ing table : — 


Composition  of  various  dropsical  fluids  removed  simultaneously 
from  the  hody  of  a  person  who  had  died  of  albuminuria 
(C.  Schmidt). 


Fluid  from 

Pleural 
Cavity. 

Peritoneal 
Cavity. 

Subarachnoid 
Space. 

(Edematous  Con- 
nective Tissue  of 
Extremities. 

Water    in    1000  parts, 
Solid  matter  ,,  ,, 
Organic  ,, 
Inorganic  ,,  „ 

963-95 
36-05 
28-50 
7-55 

978-91 
21-09 
11-32 
9-77 

983-54 
16--I6 

7-  98 

8-  48 

988-70 
11-30 
3-60 
7-70 

Dropsical  fluid  removed  at  different  times  from  the  same  sac 
shows  a  remarkable  constancy  in  composition.  Hoppe-Seyler 
gives  the  following  analyses  of  the  fluid  removed  by  paracentesis 
from  the  peritoneal  cavity  in  a  case  of  cirrhosis  of  the  liver. 


First 

Second 

Removed  after 

Paracentesis. 

Paracentesis. 

Death. 

Water    in    1000  parts, 

984-50 

982-53 

983-33 

Solid,  matter     ,,  ,, 

15-50 

17-47 

16-67 

Inorganic  salts  , ,       , , 

8-46 

8-13 

8-24 

Albumin         , ,       , , 

6-17 

7-73 

6-11 

The  volume  of  fluid  which  collects  in  one  of  the  serous  cavities 
is,  of  course,  to  some  degree  limited  by  the  normal  capacity  of 
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that  cavity.  In  the  case  of  the  peritoneal  sac  the  amount  of 
fluid  may  vary  from  a  few  cubic  centimetres  to  several  litres : 
those  cases  in  which  a  large  amount  of  fluid  is  present  are 
generally  accompanied  by  severe  symptoms  due  to  the  pressure 
under  which  the  fluid  is  pent.  Not  infrequently  in  the  ab- 
dominal cavity  ascitic  fluid  may  exert  a  pressure  of  25-30  milli- 
metres of  mercury.  Subcutaneous  oedema  also  varies  consider- 
ably in  amount :  sometimes  it  is  barely  perceptible,  at  other 
times  the  circumference  of  the  part,  if  it  be  a  limb,  may  be 
nearly  doubled,  and  the  natural  depressions  are  completely  lost. 
Pitting  on  pressure,  which  is  characteristic  of  subcutaneous 
oedema,  is  of  course  more  or  less  evident  according  to  the 
greater  or  the  less  amount  of  fluid  that  has  collected  in  the 
subcutaneous  tissue.  When  oedema  is  associated  with  increased 
venous  pressure,  the  tension  of  the  fluid  in  the  subcutaneous 
tissues  is  greater  than  when  it  is  associated  with  acute  renal 
disease,  and  hence  in  the  former  case  the  oedema  is  spoken  of 
as  "  hard,"  in  the  latter  case  as  "  soft." 

In  the  matter  of  spontaneous  coagulation,  a  broad  distinction 
may  be  drawn  between  exudations  from  the  blood-vessels.  In 
the  passive  dropsies,  where  the  endothelium  of  the  surface 
is  normally  intact  when  the  effusion  takes  place  into  a  serous 
cavity,  and  where  the  number  of  leucocytes  present  in  the 
effusion  is  very  small,  coagulation  rarely  takes  place.  On  the 
other  hand,  inflammatory  effusions  in  which  many  leucocytes 
are  usually  present  are  far  more  likely  to  coagulate.  Neverthe- 
less, there  are  many  exceptions  to  the  above  statements.  In 
ascites,  it  is  not  uncommon  to  find  flakes  of  fibrin  present,  and 
not  all  inflammatory  effusions  coagulate — for  example,  the  fluid 
obtained  from  cutaneous  blisters  rarely  coagulates.  The  ex- 
planation of  this  variability,  so  far  as  concerns  coagulation,  is 
difficult.  In  some  cases,  no  doubt,  the  presence  or  absence  of 
leucocytes  makes  a  difference,  but  this  is  not  so  in  all.  It  is  by 
no  means  uncommon  to  find  inflammatory  exudations  rich  in 
leucocytes  which  do  not  coagulate  (e.g.,  pus) ;  in  some  of  these 
cases  we  may,  perhaps,  assume  that  the  explanation  lies  in  the 
presence  of  a  substance  (?  albumoses)  which  inhibits  coagulation. 
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For  some  unknown  reason,  inflammatory  exudations  that  are 
associated  with  the  presence  of  the  pneumococcus  show  a  marked 
tendency  to  coagulate,  and  it  is  in  great  part  on  this  account 
that  fibrinous  exudations  are  so  common  in  the  pleural  cavities. 

(iii.)  The  Pathology  of  CEclema. — (a)  Older  Vieivs  and 
Experimental  Evidence. — It  has  already  been  said  that  Eichard 
Lower  in  1680  ligatured  the  inferior  vena  cava  in  animals,  and 
obtained  oedema  of  both  hind  limbs.  From  this  experiment  he 
came  to  the  conclusion  that  the  oedema  of  the  lower  extremities 
which  occurs  in  heart  disease,  where  there  is  obstruction  to  the 
flow  of  blood  in  the  inferior  vena  cava,  depends  upon  an  increase 
of  pressure  in  the  veins,  which  is  transmitted  backwards  and  leads 
to  an  exudation  from  the  smaller  vessels.  Though  this  view 
was  not  universally  accepted  by  Lower's  contemporaries,  it 
nevertheless  held  its  own  for  two  centuries  without  serious  ex- 
perimental question.  It  was  strongly  supported  by  Bouillard  in 
1823,  and  amplified  by  Andral  in  1829.  Anclral  showed  that 
the  obliteration  of  many  veins  is  necessary  for  the  production 
of  oedema,  since  the  free  anastomosis  of  the  veins  readily  allows 
the  passage  of  blood  to  the  heart,  after  obliteration  of  one — even 
though  that  be  the  main — trunk  of  the  limb.  But  in  1869 
Eanvier  repeated  Lower's  experiments  without  success.  He 
afterwards  modified  them  by  adding  to  ligature  of  the  vena 
cava,  section  of  the  sciatic  nerve  on  one  side.  On  this  side 
oedema  appeared,  while  the  limb  in  which  the  sciatic  nerve  was 
intact  remained  free.  The  first  evidence  of  oedema  was  visible 
around  the  tendo  AchiUis  and  came  on  about  an  hour  after 
section  of  the  nerve.  Kanvier  ascribed  the  oedema  which  he 
obtained  to  the  removal  of  vascular  control  by  the  vaso-motor 
nerves,  and  regarded  the  experiments  as  evidence  that  vaso- 
motor nerves  normally  control  the  output  of  fluid  from  the 
blood-vessels.1  Bouillard,  who  was  present  at  the  reading  of 
Eanvier's  paper  before  the  French  Academy,  regarded  this  as 
another  variety  of  oedema,  but  in  no  way  as  contradicting  the 
occurrence  of  passive  oedema  from  obliteration  of  veins  which  he 

1  In  spite  of  many  attempts  to  connect  lymph-formation  with  nerve  action,  the 
existence  of  lymph-secretory  nerves  has  never  been  demonstrated. 
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had  "  himself  produced  experimentally  in  several  cases,  and 
had  seen  clinically  produced  hundreds  of  times."  Cohnheim 
regarded  the  cardiac  or  passive  variety  of  oedema  as  "  the  result 
of  two  pressures,  venous  obstruction  and  arterial  pressure, 
which,  acting  against  one  another,  cause  an  outpouring  of  fluid 
through  the  walls  of  the  thinnest  vessels,  the  capillaries,  and 
probably  also  the  smallest  veins."  Eanvier's  results,  he  con- 
sidered, did  not  show  the  importance  of  the  vaso-motor  nerves 
as  their  author  insisted,  but  he  explained  the  oedema  by  point- 
ing out  that  "  the  congestion  resulting  from  section  of  the  nerve 
very  unfavourably  modifies  the  inequality  between  inflow  and 
outflow/'  As  a  result  of  Cohnheim's  criticism,  Eanvier  some- 
what altered  his  position,  and  in  1881  he  and  Cornil  wrote :  "  If 
in  an  animal  in  which  one  has  tied  a  vein,  the  vaso-motor  nerves 
be  cut,  the  arteries  being  dilated,  a  larger  amount  of  blood 
reaches  the  part,  and  the  tension  becomes  sufficient  to  lead  to 
transudation  of  serum.  This  increased  tension  is  the  true 
cause  of  dropsy  :  if  this  tension  be  sufficient  independently  of 
obliteration  of  the  veins,  oedema  will  occur.  All  kinds  of 
oedema,  except,  perhaps,  the  oedema  of  cachexia,  may  be  referred 
to  the  same  cause."  In  1889,  Wooldridge  described  the  follow- 
ing important  experiment.  "  If  a  solution  of  tissue-fibrinogen 
obtained  from  the  thymus  gland  be  injected  into  the  circulation 
through  the  jugular  vein,  and  the  femoral  vein  be  then  ligatured, 
the  effect  is  most  pronounced  and  is  as  follows  :  either  the  most 
extensive  and  rapidly  developing  simple  oedema  of  the  leg  occurs, 
or  an  enormous  haemorrhage  '  per  diapedesin '  takes  place 
throughout  the  tissues  of  the  limb ;  or  the  two  are  combined — 
there  is  haemorrhage  and  oedema." 

All  these  experiments  obviously  bear  upon  the  passive  variety 
of  oedema  in  particular,  and  in  most  cases  they  explain  the 
oedema  upon  mechanical  principles  in  which  filtration  plays  the 
chief  part.  And  at  the  present  day,  this  variety  of  oedema  is 
almost  universally  regarded  as  being  dependent  directly  upon 
increased  venous  and  capillary  pressure,  combined  in  most  cases 
with  deficient  removal  of  the  fluid  by  the  lymphatics.  Of  late 
years,  following  in  the  path  of  the  investigations  by  physiologists 
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upon  lymph-formation,  there  has  been  a  tendency  to  call  the 
physical  process  of  osmosis  to  the  aid  of  nitration,  in  the  ex- 
planation of  cedema.  At  the  same  time,  there  has  also  arisen  a 
school  of  pathologists  who  find  it  difficult  to  explain  all  the 
factors  of  oedema-formation  on  any  known  mechanical  or  physi- 
cal principles,  and  who  regard  oedema  as  the  expression  of  an 
increased  exercise  by  the  endothelial  cells  of  the  blood-vessels 
of  their  specific  secretory  function. 

(b)  Modem  Views,  especially  those  of  Cohnheim. — Cohnheim,  by 
his  work  on  oedema  and  on  inflammation,  has  largely  influenced 
views  on  oedema-formation.  He  taught  that  cedema  essentially 
depends  on  one  or  both  of  two  factors  :  (1)  increased  pressure,  (2) 
increased  permeability  of  the  vessel  wall.  In  the  case  of  passive 
oedema,  he  held  that  increased  pressure  is  a  sufficient  explana- 
tion of  the  observed  facts,  basing  his  view  on  the  experiments 
of  Emminghaus,  who  asserted  that  the  lymph-flow  from  the 
lymphatics  in  the  hind  limb  of  a  dog  is  increased  by  increase 
of  venous  pressure.  Cohnheim  says  in  his  General  Pathology 
that,  "  with  increased  venous  pressure,  as  many  cubic  centimetres 
of  lymph  may  be  obtained  from  such  a  lymphatic  in  the  same 
time  as,  previous  to  the  increase  of  pressure,  there  were  obtained 
drops."    To  this  point  we  shall  return. 

With  the  exception  of  the  varieties  of  passive  oedema,  accord- 
ing to  Cohnheim,  all  forms  of  oedema  depend  upon  an  increased 
permeability  of  the  vessel  wall.  It  was  especially  in  reference 
to  the  inflammatory  variety  that  he  elaborated  this  view,  but 
he  held  that  the  same  principle  applied  in  many  other  cases. 
In  particular,  he  included  the  so-called  cachectic  cedema  in  this 
group. 

The  older  view  of  cachectic  cedema  was,  that  it  depends  upon 
hypalbuminosis  or  a  deficiency  of  albumen  in  the  blood-plasma. 
It  is  certain  that  a  fluid  which  contains  a  small  quantity  of 
albumen  passes  through  a  membrane  more  readily  than  a  fluid 
which  contains  a  large  quantity  of  albumen ;  it  is  also  certain 
that  in  most  of  the  cases,  if  not  in  all,  in  which  cachectic  oedema 
occurs,  the  blood  contains  a  smaller  proportion  of  albumen  than 
normal,  i.e.,  it  is  hydrsemic.    It  was  therefore  held  that  cachectic 
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oedema  depends  upon  hydraemia.  Cohnheim  and  Lichtheim 
investigated  the  subject  experimentally.  They  showed  that 
hydraemic  plethora,  produced  by  injecting  saline  solution  into 
the  circulation,  leads  to  no  visible  oedema ;  the  only  result  is 
that  those  tissues  whose  normal  function  it  is  to  produce  a 
watery  secretion  (kidney,  salivary  glands,  pancreas,  mucous 
membrane  of  the  gastro-intestinal  tract),  secrete  a  larger 
amount  of  a  very  watery  fluid.  If  the  amount  of  saline  solution 
injected  be  very  great  (10  per  cent,  of  the  body  weight  or  more), 
these  tissues  become  definitely  oedematous,  and,  in  addition,  a 
certain  amount  of  fluid  is  poured  out  into  the  serous  cavities 
of  the  body,  in  particular  into  the  peritoneal  cavity.  Simple 
hydrsemia,  as  distinguished  from  hydraemic  plethora,  was  pro- 
duced by  injecting  into  the  circulation  an  amount  of  salt  solu- 
tion equal  to  an  amount  of  blood  that  had  previously  been 
abstracted  from  the  animal,  but  under  these  conditions  not  the 
slightest  trace  of  oedema  was  found  in  any  tissue.  Moreover, 
on  passing  salt  solution  through  the  vessels  of  a  rabbit's  ear 
at  the  normal  pressure  of  the  blood,  they  found  that  no  increase 
of  lymph-flow  occurs.  They  therefore  concluded  that  hydrsemia 
as  such  is  not  the  cause  of  cachectic  oedema.  The  different 
result  which  obtains  after  the  production  of  hydraemic  plethora, 
they  held,  really  depends  upon  the  increase  of  venous  pressure, 
which  is  produced  by  the  hydraemic  plethora. 

But  Cohnheim  and  Lichtheim  found,  on  the  other  hand,  that  if 
one  paw  of  a  dog  is  inflamed,  injection  of  two  litres  of  salt  solu- 
tion leads  to  oedema  of  that  paw  and  not  of  the  others,  and 
that  when  a  dog,  by  repeated  abstraction  of  blood  and  replace- 
ment of  the  blood  by  salt  solution,  has  been  kept  hydraemic  for 
days,  ligature  of  the  femoral  vein  leads  to  the  appearance  of 
oedema  in  the  limb,  whereas  under  normal  conditions  such  is 
not  the  case.  In  both  of  these  experiments  the  vessel  walls  are 
modified,  and  in  this  fact,  according  to  Cohnheim,  lies  the  whole 
explanation  of  cachectic  oedema.  For  "  the  injured  vessel  wall  is 
more  permeable  than  normal,  and  when  this  is  the  case  the  normal 
or  less  than  the  normal  blood-pressure  is  sufficient  to  produce  an 
increase  of  lymph-flow,  or,  in  other  words,  to  produce  oedema." 
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Eenal  dropsy,  which  by  many  of  the  older  writers  was  re- 
garded as  due  to  hydremic  plethora,  was  held  by  Cohnheim  to 
be  of  the  same  type  as  inflammatory  oedema.  In  supporting 
the  older  view,  Bartels  had  brought  forward  the  clinical  fact 
that  in  nephritis'  the  amount  of  dropsy  varies  inversely  with 
the  amount  of  urine  excreted.  Besides  the  experimental 
evidence  which  has  been  given  above  on  the  subject  of  hydrae-  V 
mic  plethora,  Cohnheim  adduced  against  the  old  view  of  renal 
dropsy  the  fact  that,  where  there  is  complete  anuria  or  suppres-  ! 
sion  of  urine  from  impaction  of  calculi  in  the  ureters  or  other 
similar  cause,  there  is  an  absence  of  the  characteristic  oedema  of 
acute  nephritis.  In  such  a  case,  if  any,  he  argued,  there  must 
be  hydrsemic  plethora,  and  yet  there  is  no  dropsy. 

The  actual  occurrence  or  the  absence  of  cedema  when  an 
excessive  amount  of  fluid  is  leaving  the  blood-vessels,  depends 
upon  the  ratio  of  the  amount  of  transudate  to  the  amount  flow- 
ing away  by  the  lymphatics.  If  all  the  transuded  fluid  is  carried 
away,  it  follows  that  oedema,  as  evidenced  by  increase  in  volume 
of  the  limb  and  pitting  on  pressure,  cannot  show  itself.  Hence, 
any  cause  which  impedes  the  flow  of  lymph  through  the  lym- 
phatics can  favour  the  occurrence  of  oedema.  Cohnheim  denied 
that  obstruction  of  lymphatics — even  obstruction  of  the  thoracic 
duct  itself — is  ever  the  primary  cause  of  oedema,  owing  to  the 
freedom  of  anastomosis  of  these  vessels.1  In  his  opinion,  what- 
ever other  conditions  might  or  might  not  assist  in  the  process, 
an  increased  output  of  fluid  by  the  blood-vessels  must  exist, 
whether  that  increased  output  depend  upon  increased  pressure 
within  normal  blood-vessels  or  upon  increased  permeability  of 
the  blood-vessel  wall,  or  upon  both  of  these  factors  in  conjunc- 
tion. He  did  not  deny  that  a  part  might  be  played  by  the  en- 
dothelial cells  of  the  blood-vessels  themselves;  indeed,  he  fre- 
quently insists  in  his  Lectures  on  General  Pathology  that  the 
capillaries  are  living  and  not  dead  membranes.  Thus  he  says,2 
"  We  are  not  yet  in  a  position  to  propound  a  mechanical  theory 
of  the  cedema  of  stagnation,  and  the  aid  of  unknown  influences 

1  In  this  matter  Boddaert  differs  entirely  from  Cohnheim. 

2  Pp.  515  and  516,  New  Syd.  Soc.  translation. 
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proceeding  from  the  living  wall  must  be  called  in  for  its  interpre- 
tation ; "  and,  "  the  endothelium  of  a  vessel  is  ...  a  living  tissue, 
or,  if  you  prefer  it,  organ,  with  a  metabolism  which,  though  quite 
unknown  to  us,  is  certainly  very  active." 

Hamburger  departs  from  the  view  held  by  Cohnheim,  in  that 
he  believes  that  the  passive  oedema  of  venous  congestion  is  not 
the  result  of  increased  pressure  in  the  small  veins  and  capillaries, 
but  is  due  to  an  increased  lymph-secretion  by  the  capillary 
endothelium,  which  is  stimulated  to  that  increased  secretion  by 
the  waste  products  that  accumulate  in  the  blood-vessels  as  the 
result  of  venous  obstruction.  The  "  increased  permeability "  of 
Cohnheim  he  regards  as  evidence  that  the  vessels  from  injury 
have,  in  part  or  in  whole,  lost  their  character  as  a  secreting 
organ,  and  have  become  porous  like  a  filter.  He  agrees  with 
Heidenhain,  that  some  forms  of  oedema  are  due  to  definite  stimu- 
lation of  the  capillary  endothelium  by  lymphagogues,  and  he 
regards  these  substances  as  being  formed  during  disease. 

Starling,  consistently  with  his  view  of  normal  lymph-forma- 
tion, regards  oedema-formation  as  dependent  upon  physical 
factors,  amongst  which  increased  pressure  and  increased  per- 
meability of  the  vessel  wall  are  the  chief. 

(c)  The  Author's  View. — The  author's  experimental  investiga- 
tions upon  this  subject  have  principally  been  concerned  with  the 
oedema  which  accompanies  passive  congestion.  Owing  to  the  diffi- 
culty of  appreciating  small  changes  in  the  volume  of  limbs,  he  has 
examined  (by  Eoy's  method)  the  specific  gravity  of  the  blood  and 
blood-plasma,  arterial  and  venous,  the  specific  gravity  of  volun- 
tary muscle  and  of  skin,  and  the  amount  of  lymph-flow  from  the 
lymphatics.  He  found,  in  the  dog,  that  increase  of  the  blood- 
pressure  in  the  veins  of  a  hind  limb  for  one  hour  is  not 
accompanied  by  any  modification  in  the  specific  gravity  of  the 
blood  or  blood-plasma,  arterial  or  venous,  or  in  the  specific 
gravity  of  the  voluntary  muscle  or  skin  in  the  body  generally  (as 
represented  by  the  other  hind  limb),  or  in  the  specific  gravity  of 
the  arterial  blood  or  blood-plasma,  or  of  the  voluntary  muscle  or 
skin  in  the  affected  hind  limb.  With  regard  to  the  lymph-flow  in 
the  affected  limb,  the  author  differs  from  Emminghaus,  in  that  he 
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never  found  that  simple  increase  of  venous  pressure  during  the 
hour  that  it  existed,  led  to  an  increase  in  the  amount  of  lymph- 
flow.  In  the  affected  limb,  the  specific  gravity  of  the  venous 
blood  and  of  the  venous  blood-plasma  on  the  distal  side  of  the 
ligature,  is  raised  during  the  hour  that  the  ligature  is  in  situ* 
This  is  only  to  be  expected  when  one  considers  that  the  length 
of  time  which  a  given  volume  of  blood  remains  in  the  limb  is 
increased,  owing  to  diminished  velocity  of  blood-flow,  and, 
therefore,  that  a  greater  length  of  time  is  given  for  removal  of 
lymph  from  that  volume  of  blood.  The  venous  pressure  in 
the  affected  limb  in  these  experiments,  as  measured  by  a 
mercury  manometer  in  connection  with  the  femoral  vein, 
varied  between  50  and  75  mm.,1  the  blood-pressure  in  the 
carotid  being  over  100  mm.,  and  hence,  though  there  was  great 
venous  obstruction,  a  circulation  through  the  limb  was  kept  up. 

(a)  Inadequacy  of  the  Physical  Explanations  of  Passive 
(Edema. — Now  if  the  exudation  from  the  veins,  which  forms 
oedema  in  cases  of  venous  congestion,  were  due  to  the  increased 
venous  pressure  alone  acting  in  a  physical  manner,  the  increased 
transudation  should  show  itself  immediately  on  the  establishment 
of  increased  venous  pressure.  That  is  to  say,  the  specific  gravity 
of  the  muscles  and  skin  in  the  affected  limb  should  fall,  or  the 
amount  of  lymph-flow  should  increase ;  moreover,  since  any 
excess  of  fluid  which  left  the  blood-vessels  would  be  derived 
from  the  blood  of  the  body  at  large,  the  specific  gravity  of  the 
arterial  blood  and  blood-plasma  should  rise,  or  if  it  remained 
constant  the  specific  gravity  of  the  tissues  in  the  rest  of  the  body 
should  rise.  None  of  these  changes  occur  during  a  period  of  one 
hour  when  the  obstruction  to  the  venous  blood-flow  in  the  limb 
is  enormous,  and,  therefore,  it  is  quite  impossible,  in  the  author's 
opinion,  still  to  maintain  the  view  that  increase  of  venous 
pressure  is  per  se  the  cause  of  the  so-called  passive  oedema.  It 
is  beside  the  mark  to  call  attention  to  the  undoubted  fact  that 
such  oedema  is  very  manifest  "  next  day "  or  "  after  some 
hours,"  for  it  is  essential,  if  the  increased  exudation  depends 
upon  increased  filtration,  that  it  should  commence  to  take  place 

1  The  pressure  in  the  femoral  vein  of  a  dog  is  normally  4-5  mm.  of  mercury. 
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without  the  intervention  of  any  interval.  And  though  it  might 
not  be  possible  to  recognise  oedema  by  increase  in  volume  of  the 
limb  or  by  pitting  on  pressure  in  the  very  earliest  stage  of  the 
oedema,  this  objection  does  not  hold  good  with  determinations  of 
specific  gravity  in  which  variation  of  half  a  degree  is  readily 
recognised.1 

But  the  argument  is  still  further  strengthened  when  it  is 
shown  that,  with  the  onset  of  oedema  in  a  limb,  marked  changes 
in  specific  gravity  occur,  which  affect  not  only  the  limb  itself  but 
also  the  body  generally. 

It  is  always  possible  to  produce  oedema  after  placing  a  ligature 
round  the  limb  of  a  dog  sufficiently  tight  to  completely  obstruct 
all  flow  of  blood  through  the  limb,  and  maintaining  hsemostasis 
for  one  hour.  During  haemostasia,  no  changes  in  specific  gravity 
of  blood  or  of  tissues  take  place  in  parts  other  than  the  affected 
limb,  and  here  the  only  changes  are  that  the  specific  gravity  of  the 
venous  blood  and  blood-plasma  rises,  and  the  volume  of  the  venous 
blood-plasma  and  the  amount  of  lymph-flow  are  diminished.  After 
removal  of  the  constricting  ligature,  if  the  venous  pressure  in 
the  limb  be  raised,  and  that  to  a  much  smaller  degree  (25-30 
mm.  of  mercury)  than  in  the  experiments  that  have  previously 
been  mentioned,  oedema  rapidly  comes  on,  often  to  so  great  an 
extent  as  to  be  readily  recognisable  by  pitting  on  pressure,  and 
important  changes  in  specific  gravity  are  to  be  noted.  The 
specific  gravity  of  the  arterial  blood  of  the  whole  system  rises ; 
the  specific  gravity  of  the  arterial  blood-plasma  rises,  though 
sometimes  it  falls  in  spite  of  a  rise  in  the  specific  gravity  of  the 
arterial  blood  as  a  whole;  the  specific  gravity  of  the  venous 
blood  and  blood-plasma  in  the  affected  limb  rise,  and  to  a  greater 
extent  than  when  there  has  been  no  hsemostasis;  the  specific 
gravity  of  the  venous  blood  of  the  rest  of  the  body  generally 
rises,  but  tends  to  lose  its  normal  superiority  over  the  specific 
gravity  of  the  arterial  blood ;  the  specific  gravity  of  the  venous 
blood-plasma  of  the  rest  of  the  body  generally  falls  ;  the  specific 

1  In  a  medium-size  fox  terrier  such  a  rise  in  specific  gravity  of  the  blood  means 
approximately  that  7  c.c.  of  lymph  have  been  removed  from  it.  In  cedenia 
experiments  variations  of  six  degrees  and  more  are  quite  common. 
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gravity  of  muscle,  and,  to  a  less  extent,  of  skin,  in  the  affected 
limb  fall,  but  in  the  rest  of  the  body,  as  represented  by  the 
unaffected  limb,  they  rise. 

Now  the  meaning  of  these  changes  obviously  is  that  in  the 
affected  limb,  fluid  is  leaving  the  blood-vessels  and  is  becoming 
collected  in  the  tissues,  and  that  in  the  unaffected  limb  (and  the 
rest  of  the  body  in  all  probability),  fluid  is  leaving  the  tissues 
and  being  carried  away  by  the  venous  blood.  Further,  after 
ha^mostasis,  the  amount  of  lymph-flow  obtained  from  a  lymphatic 
in  the  affected  limb  increases  as  the  venous  pressure  is  increased, 
returns  to  normal  as  the  venous  pressure  is  allowed  to  return  to 
normal,  whereas  this  is  not  the  case  under  ordinary  circumstances. 
By  hsemostasis  kept  up  for  one  hour,  the  relation  between  blood, 
blood-vessels,  lymphatics,  and  tissues  has  become  altered  to  such 
a  degree,  that  they  react  to  an  increase  of  venous  pressure  in  a 
manner  utterly  unlike  that  in  which  they  react  if  hsemostasis 
has  not  been  produced. 

(f3)  Importance  of  the  Tissues  in  (Edema-formation  :  (1)  General. 
— Leaving  consideration  of  the  blood-vessels  on  one  side  for  the 
moment,  it  is  plain  that  during  hsemostasis  the  tissues  of  the 
limb  are  affected  in  two  ways:  (1)  they  are  deprived  of  nutri- 
ment ;  (2)  the  waste  products  of  their  own  metabolism  are  not 
removed.1 

Though  we  are  ignorant  of  the  manner  in  which  the  tissue 
cells  make  known  their  requirements  to  the  blood-vessels,  there 

1  It  is  astonishing  how  in  all  discussions  concerning  lymph-  and  oedema-forma- 
tion the  tissues  have  been  left  out  of  consideration,  when  we  remember  that  every 
condition  which  affects  the  small  blood-vessels,  and  especially  the  capillaries,  must 
at  the  same  time  affect  the  tissues  also.  In  some  cases  even,  in  which  oedema 
occurs,  the  tissues  are  affected  first  and  to  the  greatest  extent.  Thus  when  blister- 
ing fluid  is  applied  to  the  skin  the  many  layers  of  the  epidermis  must  of  necessity 
be  exposed  to  a  greater  extent  to  the  action  of  the  blistering  fluid  than  the 
cutaneous  blood-vessels :  it  is  only  after  the  epidermis  has  been  affected  that 
these  blood  vessels  are  reached.  It  is  a  fault  in  the  mechanical  explanation  both 
of  lymph-  and  of  oedema-formation  that  it  places  the  tissues  absolutely  at  the 
mercy  of  the  vascular  system  ;  the  amount  of  lymph  which  the  tissues  receive, 
according  to  that  explanation,  does  not  depend  upon  the  needs  of  the  tissues  but 
upon  the  condition  of  the  blood-vessels.  And  yet  the  whole  raison  d'etre  of  the 
circulatory  system  is  the  existence  of  the  tissues.  Normal  lymph-formation  and 
oedema-formation  must  be  the  ultimate  result  of  at  least  two  processes,  one  in 
which  the  tissue  cells  are  paramount,  the  other  in  which  the  blood-vessels  them- 
selves are  paramount. 
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is  ample  evidence  that  they  do  so.  And  more  than  this,  they  make 
known  their  requirements  to  the  other  tissues  in  far  distant  parts 
of  the  body.    This  latter  point  will  be  left  for  the  present. 

It  is  a  physiological  law  that  anaemia  of  a  tissue  is  followed  by 
active  congestion,  and  though  the  vascular  condition  is  apparently 
identical  with  that  produced  by  section  of  the  vaso-motor  nerves, 
the  results  in  the  two  cases  are  widely  different.  For  in  active 
congestion  the  lymph-flow  is  increased,  in  paralytic  congestion  it 
is  not  increased.1  Now  the  essential  difference  between  the  two 
kinds  of  congestion,  so  far  as  the  tissues  are  concerned,  is  that 
before  active  congestion  occurs,  the  tissues  have  been  deprived  of 
food,  whereas,  before  paralytic  congestion  occurs,  they  have  not 
been  deprived  of  food.  We  shall  see  later  that  the  starved  con- 
dition of  the  tissues  and  the  increased  output  of  lymph  must 
be  directly  connected  with  one  another  as  cause  and  effect. 
Whether  the  connection  is  a  purely  physical  or  is  a  vital  one, 
it  is  as  yet  impossible  to  say. 

But  not  only  does  starvation  of  the  tissues  lead  to  an  increased 
output  of  lymph,  the  same  result  is  produced  when  the  waste 
products  of  metabolism  are  stored  up  in  the  tissues.  Functional 
activity,  like  anaemia,  is  intimately  associated  with  active  con- 
gestion and  its  increased  flow  of  lymph.  In  the  case  of  a 
contracting  muscle,  it  is  known  that  exercise  of  function  is 
accompanied  by  increased  production  of  waste  products,  and 
part  of  the  increased  lymph-flow  must  be  directed  towards  their 
removal.  For  it  has  been  shown  experimentally,  in  the  case  of 
a  contracting  muscle  outside  the  body,  that  the  chief  cause  of 
fatigue  is  not  the  deficiency  of  nutrition  but  the  non-removal 
of  the  waste  products  which  are  formed  by  the  muscle  during 
functional  activity. 

We  know,  then,  that  when  the  tissues  are  starved,  or  when  the 
products  of  functional  activity  are  stored  up  in  the  tissues,  an 
arterial  congestion  (active)  occurs,  which  is  accompanied  by  an 

1  At  all  events,  for  some  hours.  Since  the  changes  in  specific  gravity  described 
as  occurring  during  oedema-formation,  the  subject  under  discussion,  are  recognis- 
able during  the  first  hour  after  the  particular  modification  of  the  tissues  which 
leads  to  oedema  has  been  produced,  the  statement  in  the  text  is  sufficiently  near 
the  truth  for  our  purpose. 


IMPORTANCE  OF  THE  TISSUES  IN  NORMAL  EXUDATION.  227 


increased  now  of  lymph.  We  also  know  that  when  an  arterial 
congestion  (paralytic)  occurs  in  the  absence  of  these  tissue  condi- 
tions it  is  not  accompanied  by  an  increased  output  of  lymph. 

We  must  now  consider  the  changes  that  take  place  in  the 
tissues  themselves  after  active  and  paralytic  dilatation  of  arteries, 
respectively,  have  been  produced. 

The  effect  of  paralytic  congestion  may  be  dismissed  very 
shortly,  for  section  of  the  sciatic  nerve  is  not  followed  by  any 
change  in  specific  gravity  of  the  muscle  in  the  affected  limb 
until  several  hours  have  elapsed  after  division  of  the  nerve. 

When  active  congestion  follows  anaemia  there  occurs  a  fall  in 
the  specific  gravity  of  the  tissues.  Thus,  if  one  hind  limb  of  a 
dog  be  rendered  completely  bloodless  by  the  application  of  an 
elastic  bandage  from  the  paw  upwards,  and  this  complete  anaemia 
be  sustained  for  three  hours,  it  will  be  found,  a  short  time  after 
removal  of  the  bandage,  that  the  specific  gravity  of  muscle  of  the 
affected  limb  is  lower  than  the  specific  gravity  of  corresponding 
muscle  in  the  unaffected  limb.1  When  active  congestion  follows 
storage  in  situ  of  the  metabolic  products  of  functional  activity, 
there  also  occurs  a  fall  in  specific  gravity  of  the  tissues.  This 
can  be  shown  in  the  following  manner.  Let  the  two  gastro- 
cnemii  be  removed  from  a  frog  with  a  length  of  nerve  attached 
and  be  placed  in  a  vessel  of  oil,  and  let  one  of  the  muscles  be 
caused  to  contract  until,  with  a  maximal  induced  current,  a 
minimal  contraction  occurs.  If  now  the  two  gastrocnemii  be 
removed  from  the  oil  simultaneously,  and  be  placed  in  normal 
saline  solution  for  a  few  minutes,  it  will  be  found  on  removing 
them  that  the  muscle  which  has  been  caused  to  contract  is  of 
lower  specific  gravity  than  its  fellow.  This  experiment  can  also 
be  performed  on  the  warm-blooded  animal  and  without  removal 
of  the  muscle  from  the  body.  Let  the  sciatic  nerve  of  a  dog  be 
exposed,  and  after  the  limb  has  been  rendered  bloodless  by  means  1 
of  an  elastic  bandage,  let  the  nerve  be  stimulated  with  the  inter-  H^rtf- 
rupted  current  for  a  quarter  of  an  hour  and  the  products  of 

1  During  the  period  of  anaemia,  owing  to  the  removal  of  blood  and  lymph  by 
the  pressure  of  the  bandage,  the  specific  gravity  of  muscle  in  the  anaemic  limb  is 
higher  than  that  of  corresponding  muscle  in  the  unaffected  limb. 
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functional  activity  be  allowed  to  remain  in  situ  for  a  further 
quarter  of  an  hour.  It  will  be  found,  a  short  time  after  removal 
of  the  elastic  bandage,  that  the  specific  gravity  of  the  muscle  in 
the  affected  limb  has  fallen.  It  is  important  to  note  that  the 
fall  in  specific  gravity  observed  in  this  experiment  is  greater 
than  can  be  explained  by  the  anaemia  alone.  Though  the  anaemia 
here  only  lasts  half  an  hour,  the  fall  in  specific  gravity  of  the 
*  muscle  is  greater  than  when  anaemia,  in  the  absence  of  functional 
activity,  has  lasted  for  three  hours. 

The  chain  of  evidence  is  therefore  complete.  A  tissue  is 
starved  or  there  are  stored  up  in  it  the  products  of  its  own 
metabolism.  In  some  way  this  condition  of  the  tissue  is 
followed  by  arterial  congestion  and  increased  output  of  lymph 
from  the  blood-vessels.  One  portion  of  this  increase  flows  away 
by  the  lymphatics  and  is  recognised  by  an  increased  flow  from 
the  lymphatics,  another  portion  remains  in  the  tissues  and  is 
recognised  by  a  fall  in  the  specific  gravity  of  the  tissues. 

Now  if  a  sufficient  amount  of  this  lymph  remains  in  the 
tissues,  the  clinical  condition  of  oedema  is  produced.  It  is 
easy  to  show  that  the  increase  in  volume  of  the  limb,  which 
is  one  of  the  most  conspicuous  clinical  signs  of  oedema,  occurs 
under  perfectly  physiological  conditions.  Let  the  hand  and 
fore-arm  be  rendered  completely  bloodless  by  means  of  an 
elastic  bandage,  and,  after  its  volume  in  the  bloodless  condi- 
tion has  been  taken  with  the  plethysmograph,  let  the  circulation 
again  pass  through  the  limb,  and  let  the  whole  hand  and  fore-arm 
be  placed  in  a  horizontal  position  in  a  bath  of  water  at  40°  C. 
for  half  an  hour.  On  removing  it  from  the  bath  and  again 
taking  its  volume  in  the  bloodless  condition  with  the  plethys- 
mograph, it  will  be  found  to  displace  a  quantity  of  water  not 
infrequently  larger  by  40-50  c.c.  than  it  displaced  before  it  had 
been  subjected  to  the  action  of  warm  water.  We  know  that 
warmth,  locally  applied,  increases  metabolism,  we  know  that  it 
induces  arterial  dilatation,  and  though  in  this  case  we  do  not 
actually  know  that  the  output  of  lymph  is  increased,  we  know 
that  the  volume  of  the  limb  is  increased,  and  that  the  increase 
in  volume  is  not  due  to  the  presence  of  an  increased  amount  of 
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blood  in  the  limb  alone.  For  the  volume  of  the  limb  was  taken 
before  and  after  the  experiment  in  the  bloodless  condition.  We 
know  further  that  the  increased  volume  of  the  limb  is  absolutely 
dependent  upon  the  continuance  of  the  circulation  through  the 
limb  while  it  is  in  the  bath,  for  if  it  be  kept  bloodless  during  the 
whole  experiment,  no  change  in  volume  takes  place.  We  are 
bound  to  conclude  that  this  increase  in  volume  of  the  limb 
depends  upon  the  fact  that  the  tissues  contain  more  fluid  than 
before,  while  the  method  of  rendering  the  limb  bloodless,  which 
at  the  same  time  expresses  the  lymph  which  is  in  the  lymph 
spaces,  favours  the  probability  that  the  excess  of  fluid  is  con- 
tained rather  in  the  tissue  cells  themselves  than  in  the  spaces 
between  the  tissue  cells. 

Under  normal  physiological  conditions,  therefore,  when  the 
tissues  require  nutrition,  and  when  they  are  producing  a  greater 
amount  of  metabolic  products,  they  increase  in  volume  by 
holding  a  greater  amount  of  fluid,  and  that  in  spite  of  the  fact 
that  no  primary  modification  of  the  blood-vessels  has  been  pro- 
duced. In  other  words,  when  the  tissues  require  more  lymph, 
the  blood-vessels  supply  it  through  the  medium  of  arterial  dilata- 
tion, but  when  the  tissues  do  not  require  more  lymph,  though 
arterial  dilatation  and  increased  capillary  pressure  may  be 
present,  the  blood-vessels  do  not  supply  it.  It  is  the  tissues 
themselves  that  determine  whether  they  shall  hold  more  lymph, 
and  whether  more  lymph  shall  be  poured  out  by  the  blood-vessels 
or  no,  and  not  the  blood-vessels. 

Now  under  all  circumstances  in  which  oedema  occurs  there  is 
present  starvation  of  tissues  or  storage  in  the  tissues  of  the 
metabolic  products  of  their  own  activity,  or  both  of  these  condi- 
tions together. 

(2)  In  (Edema  after  Ligature  of  Arteries. — In  oedema  which 
occurs  after  ligature  of  an  artery,  starvation  of  the  tissues  is 
manifest.  Surgery  provides  a  perfect  example  of  this  variety 
in  the  oedema  of  the  leg  and  foot  which  is  not  infrequently  seen 
after  the  femoral  artery  has  for  any  reason  been  ligatured  in 
Hunter's  canal.  Increase  of  venous  pressure  is  here  out  of  the 
question.    A  circulation  is  going  on  through  the  limb,  otherwise 
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oedema  could  not  show  itself,  but  gangrene  would  show  itself 
instead ;  and  since  the  endothelium  of  the  blood-vessels  is  in 
closer  relation  with  such  blood  as  passes  through  the  blood- 
vessels than  the  tissue  cells,  the  endothelial  cells  must  suffer  less 
than  the  tissue  cells  from  lack  of  nutrition.  The  great  starva- 
tion of  the  tissues  of  the  limb  in  this  case  cannot  be  fully 
relieved  until  the  blood-supply  again  returns  to  normal  by  the 
full  establishment  of  collateral  circulation,  hence  until  that 
collateral  circulation  has  been  fully  established,  the  tissues  are 
perpetually  calling  for  more  nutriment,  the  blood-vessels  are 
endeavouring  to  supply  that  demand  but  cannot  meet  it.  They 
pour  out  lymph  to  their  utmost  and  a  part  remains  in  the  tissues 
to  constitute  the  oedema  fluid.  As  the  collateral  circulation 
becomes  established  and  the  blood-supply  of  the  limb  becomes 
greater,  the  amount  of  nutriment  that  can  be  supplied  to  the 
tissues  by  the  blood-vessels  is  increased,  the  starvation  of  the 
tissues  is  satisfied,  their  demand  for  lymph  ceases,  an  excessive 
amount  of  lymph  is  no  longer  poured  out  by  the  blood-vessels, 
such  excess  of  lymph  as  was  held  by  the  tissues  during  their 
period  of  starvation  drains  away  by  the  lymphatics,  the 
oedema  disappears.  The  oedema  sets  in  when  starvation  of  the 
tissues  sets  in;  it  disappears  when  starvation  of  the  tissues  dis- 
appears. 

(3)  In  Cachectic  (Edema.  —  Starvation  of  the  tissues  also 
plays  a  very  prominent  part  in  cases  of  cachectic  dropsy.  To 
take  three  typical  examples.  CEdema  of  the  ankles  often  occurs 
at  the  latter  end  of  the  three  conditions,  pulmonary  tuberculosis, 
malignant  disease,  malaria.  In  each  of  these  diseases  the  tissues 
in  the  neighbourhood  of  the  ankles  receives  a  deficient  supply  of 
nutriment.  In  pulmonary  tuberculosis  the  heart  is  small  and 
ill-nourished ;  in  malignant  disease  a  large  quantity  of  blood  is 
diverted  from  the  body  generally  for  the  supply  of  a  tissue 
which  is  physiologically  outside  the  body  ;  in  malaria  there  is  a 
great  destruction  of  red  blood-corpuscles,  and  the  constitution  of 
the  blood  as  a  whole  is  altered.  It  is  unnecessary  to  pursue 
these  examples  further. 

(4)  In  Chlorotic  (Edema. — Chlorotic  oedema  is  associated  with 
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an  altered  condition  of  the  blood  both  as  concerns  the  red 
blood-corpuscles  and  as  concerns  the  blood-plasma.  That  the 
nutrition  of  the  tissues  in  chlorosis  is  modified  is  amply  shown 
by  the  inefficient  way  in  which  they  discharge  their  functions. 
As  has  already  been  said,  in  some  cases  of  chlorosis  a  renal 
element  is  probably  present.  It  is  also  possible  that  the  con- 
dition may  in  part  be  due  to  the  action  of  toxic  substances 
absorbed  from  the  intestine,  as  was  suggested  by  Sir  Andrew 
Clark. 

(5)  In  Inflammatory  (Edema.  —  That  inflammatory  oedema 
is  associated  with  need  of  the  tissues  for  increased  nutrition  is 
shown  by  two  facts.  In  the  first  place,  referring  to  the  experi- 
ment in  which  the  hand  and  arm  are  placed  in  water  at  40°  C,  it 
is  only  necessary  to  increase  the  temperature  of  the  water,  say, 
to  45°  C.  and  inflammation  is  produced.  The  same  changes  occur 
in  the  limb  as  occur  when  the  temperature  of  the  water  is  40°  C. 
when  inflammation  is  not  produced.  There  is  arterial  dilatation 
in  both  cases,  the  temperature  of  the  limb  is  increased  in  both 
cases,  the  volume  of  the  limb  is  increased  in  both  cases,  the 
tissues  contain  a  greater  amount  of  lymph  in  both  cases.  The 
only  difference  that  obtains  is  that  the  changes  are  more  marked 
in  the  case  in  which  the  bath  was  at  the  higher  temperature.  It 
is  this  variety  of  oedema  that  was  regarded  by  Cohnheim  as 
essentially  dependent  upon  an  alteration  of  the  vessel  wall. 
But  if  alteration  there  be,  it  is  produced,  though  to  a  lesser 
extent,  under  physiological  conditions,  and  since  we  were  obliged 
to  connect  the  physiological  increased  output  of  lymph  and  the 
physiological  increase  in  volume  of  the  tissues  with  increased 
demand  of  the  tissues  for  nutrition,  we  are  also  obliged  to  con- 
clude, in  the  case  of  inflammatory  oedema,  that  it  too  depends 
upon  the  increased  demand  of  the  tissues  for  nutrition.  We 
cannot  draw  a  line  between  the  two  processes  and  say,  this  is 
physiological  and  depends  upon  one  set  of  causes,  that  is  patho- 
logical and  depends  upon  another  set  of  causes. 

In  the  second  place,  inflammatory  oedema  can  be  produced 
when  the  nutrition  of  the  tissues  is  lowered  by  the  action  of  an 
irritant  which  does  not  primarily  involve  the  blood-vessels.  Thus> 
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if  under  perfectly  aseptic  conditions  a  small  lesion  be  made  in  the 
centre  of  the  cornea  with  a  knife,  the  action  of  the  irritant  is 
momentary,  and  the  inflammatory  vascular  changes  accompanied 
by  exudation  of  lymph  which  subsequently  occur  are  not  due  to 
the  direct  action  of  the  irritant,  but  are  due  to  the  nutritive 
changes  in  the  avascular  corneal  tissue  which  that  irritant  has 
produced.  The  needs  of  the  tissues,  therefore,  play  an  important 
part  in  the  causation  of  inflammatory  oedema. 

(6)  In  the  (Edema  of  Passive  Congestion. — In  the  oedema 
which  accompanies  venous  congestion,  starvation  is  no  less 
present  than  it  is  in  other  varieties  of  oedema,  though  it  is 
less  obvious.  It  is  clear,  however,  that  the  diminished  velocity 
of  the  blood-flow  which  is  occasioned  by  obstruction  to  the 
venous  output,  is  productive  of  an  insufficient  nutrition  of  the 
part.  But  in  this  form  of  oedema  we  have  also  to  deal  with  the 
non-removal  of  waste  products  from  the  tissues.  The  effect  of 
storage  of  these  waste  products  upon  the  output  of  lymph  has 
already  been  described,  and  it  has  been  said  that  this  factor  is 
more  potent  than  simple  anaemia.  This  is  what  might  have 
been  expected,  for  starvation  alone  is  a  less  serious  condition 
than  starvation  combined  with  poisoning  of  the  tissues.  In 
accordance  with  this  expectation  it  is  found  that  some  of  the 
most  marked  clinical  examples  of  oedema  are  those  in  which 
the  two  factors  co-exist. 

It  might  be  urged  that  in  starvation  produced  by  simple 
anaemia,  the  tissues  also  form  katabolic  products,  and  no  doubt 
this  is  true,  but  whereas  in  complete  anaemia  (to  take  an 
example)  the  tissues  form  katabolic  products  as  the  result  of 
their  vitality  alone,  in  venous  congestion  they  commonly  form 
katabolic  products  as  the  result  not  only  of  their  vitality  but 
also  of  their  functional  activity.  When  the  femoral  artery  is 
ligatured  in  Hunter's  canal,  functional  activity  of  the  lower 
limb  is  abolished  by  the  very  nature  of  the  case,  but  when  the 
venous  pressure  is  increased  in  a  case  of  heart  disease,  the  patient 
commonly  walks  about  for  some  time  after  the  amount  of 
oedema  has  been  as  great  as  ever  it  is  in  a  case  of  ligature  of  the 
femoral  artery.    Moreover,  in  the  case  of  ligature  of  the  artery, 
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no  interference  is  placed  in  the  way  of  the  removal  of  waste 
products  by  the  lymphatics,  but  in  the  case  of  cardiac  disease, 
even  if  we  leave  all  consideration  of  the  effects  of  gravity  on  one 
side,  an  obstacle  is  still  placed  in  the  way  of  lymphatic  flow  by 
the  increase  of  venous  pressure  which  obtains  at  the  orifice  of 
the  thoracic  duct.  No  doubt  even  in  the  examples  given,  these 
are  not  all  the  factors  in  determining  the  different  amounts  of 
oedema,  but  the  experiment  which  shows  that  half  an  hour's  simple 
anaemia,  combined  with  storage  in  situ  of  the  waste  products  of 
tissue-metabolism,  leads  to  a  greater  fall  in  specific  gravity  of 
muscle  than  three  hours'  anaemia  without  the  storage  in  situ  of 
such  waste  products,  seems  conclusive  evidence  of  the  important 
part  played  by  katabolic  products  in  determining  the  amount 
of  oedema. 

An  apparent  difficulty  arises  in  this  connection  in  the  fact 
that  starvation  of  a  tissue  and  storage  in  situ  of  tissue  waste 
products  are  normally  accompanied  by  active  congestion,  during 
which  the  arteries  are  dilated  and  the  limb  becomes  flushed  and 
warmer  to  the  touch,  whereas  in  passive  congestion  the  limb  is 
bluish  in  colour  and  not  red,  and  is  cooler  to  the  touch,  not 
hotter.  But  the  difficulty  is  apparent  and  not  real,  for  though 
active  dilatation  of  blood-vessels  normally  means  a  more  rapid 
flow  of  blood  through  the  limb,  this  is  not  a  necessary  con- 
comitant of  the  condition.  If  the  sciatic  nerve  be  divided,  the 
arteries  are  dilated,  the  limb  is  reddened,  the  temperature  is 
increased,  and  the  circulation  through  the  limb  is  more  rapid 
than  normal ;  but  if  the  flow  of  blood  through  the  veins  be 
obstructed,  the  velocity  of  the  blood-flow  through  the  capillaries 
is  diminished,  the  oxyhaemoglobin  of  the  blood  becomes  reduced 
to  a  greater  extent  than  normal,  and  the  limb  takes  on  a  bluish 
hue,  while  at  the  same  time  a  greater  amount  of  heat  is  lost 
from  each  volume  of  blood  in  the  limb  by  radiation  and  evapora- 
tion, and  the  limb  becomes  cooler  than  normal.  And  yet  the 
paralytic  arterial  dilatation  is  in  existence  just  the  same.  So 
also  in  the  oedema  of  passive  congestion,  though  we  cannot 
recognise  active  dilatation  of  the  arteries  by  redness  and 
increased  warmth  of  the  limb  because  of  the  venous  obstruction 
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that  is  present,  we  may  confidently  assume  that  such  an  active 
dilatation  really  exists.  For  we  know  by  experiment  that  it 
sets  in  after  a  perfectly  normal  manner  when  severe  anaemia  or 
storage  of  waste  products  in  the  limb  has  been  produced,  and 
that  when  it  is  in  full  existence  increasing  the  venous  pressure 
in  the  limb,  though  it  intensifies  other  processes,  also  causes  the 
raised  temperature  of  the  limb  to  be  replaced  by  a  lower 
temperature,  the  reddish  hue  by  a  bluish  hue. 

(7)  In  (Edema  accompanying  Renal  Disease. — Eenal  dropsy 
is  of  three  kinds,  corresponding  to  the  acute  tubal,  the  chronic 
interstitial,  and  the  lardaceous  varieties  of  renal  disease.  The 
oedema  which  accompanies  each  of  these  varieties  is  not  of  one 
and  the  same  kind,  though  the  fundamental  principles  under- 
lying the  different  forms  of  renal  oedema  are  identical  with  those 
which  we  have  already  considered.  In  dropsy  accompanying 
acute  nephritis  starvation  of  the  tissues  is  far  less  marked  than 
their  poisoning  by  the  waste  products  of  tissue-metabolism. 
For  the  condition  of  the  kidney  is  such  that  there  is  serious 
interference  with  the  removal  of  waste  products  by  that  organ. 
The  inverse  ratio  which  holds  between  the  amounts  of  dropsy 
and  of  urine  secretion  in  cases  of  acute  nephritis,  is  well  in 
accordance  with  this  view.  Besides  the  storage  of  waste  products 
in  the  tissues  there  probably  also  assists  in  the  production  of 
renal  dropsy  the  process  which  we  shall  see,  when  discussing  trans- 
fusion, occurs  when  the  volume  of  the  blood  is  increased.  Since 
the  renal  condition  is  such  that  the  excretion  of  water  is  impeded, 
it  is  highly  probable  that  in  acute  renal  disease  there  is  a  certain 
amount  of  hydreemic  plethora ;  if  this  be  so,  the  share  which  the 
tissues  normally  take  in  preserving  the  volume  of  the  blood  at 
a  constant  level,  must  tend  towards  an  increase  of  the  dropsy. 

The  dropsy  of  acute  nephritis  is  commonly  greater  than  that 
which  accompanies  any  other  condition,  and  it  makes  its  appear- 
ance in  a  remarkably  short  time.  Not  infrequently  oedema  is 
recognisable  within  twenty-four  hours  of  the  onset  of  the  nephritis. 
The  explanation  of  these  facts,  in  my  opinion,  is  probably  as  follows. 
The  renal  condition  is  such  that  the  removal  of  the  waste  products 
of  tissue-metabolism  by  that  organ  is  in  whole  or  in  part  abolished. 
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Waste  products,  therefore,  accumulate  in  the  blood,  and  when  a 
tissue,  by  making  a  demand  upon  the  blood,  leads  to  an  active 
congestion  and  to  an  increased  output  of  lymph,  that  lymph  pre- 
sumably contains  a  greater  proportion  than  normal  of  those  very 
waste  products  of  which  the  tissue  is  endeavouring  to  divest  it- 
self. In  this  way  a  vicious  circle  is  established,  and  the  oedema 
must  continue  to  increase  until  the  renal  secretion  is  re- 
established. But  this  result  follows  not  so  much  because  the 
kidney  fails  to  excrete  water,  and  on  that  account  leads  to  a 
hydrsemic  plethora,  as  was  supposed  by  Bartels,  as  because  the 
kidney  fails  to  excrete  metabolic  waste  products  and  therefore  leads 
to  a  storage  of  those  waste  products  in  the  blood  and  tissues. 

As  in  every  attempt  to  explain  renal  dropsy  so  here,  the  fact 
that  obstructive  suppression  of  urine  is  only  in  the  rarest  cases 
accompanied  by  dropsy  presents  a  difficulty.  The  great  difference 
between  anuria  due  to  obstruction  of  both  ureters,  and  anuria  due 
to  acute  nephritis,  lies  in  the  fact,  that  under  the  former  condition 
any  modification  of  the  blood  which  may  be  due  to  passage  of  the 
blood  through  the  kidney  is  not  necessarily  prevented,  whereas  the 
converse  must  be  largely  the  case  in  acute  nephritis.  It  is  not 
advisable  here  to  forestall  the  remarks  that  will  be  made  when  we 
deal  with  these  questions,  but  it  may  be  pointed  out  that  the 
symptoms  accompanying  the  two  forms  of  anuria  are  totally  dis- 
similar. It  is  at  least  possible  that  the  absence  of  dropsy  in 
obstructive  anuria  may  depend  upon  the  fact  that  the  waste 
products  of  tissue-metabolism  (which  are  not  normally  excreted 
as  such  in  the  urine)  undergo  their  normal  conversion  into  urea. 
One  thing  is  certain,  urea  and  even  urine  may  be  injected  in 
large  quantities  into  the  circulation  of  an  animal  whose  renal 
arteries  are  ligatured  without  producing  the  symptoms  of  acute 
nephritis,  and  in  particular  without  producing  dropsy. 

The  dropsy  which  accompanies  chronic  interstitial  nephritis, 
it  has  already  been  said,  is  very  largely  of  a  cardiac  and  not  of 
a  strictly  renal  type.  But  the  subjects  of  chronic  interstitial 
nephritis  also  become  affected  with  an  oedema  which  is  strictly 
renal.  This  may  depend  upon  the  superposition  of  an  acute 
upon  the  chronic  change,  and  in  those  cases  the  oedema  may  be 
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as  marked  as  in  a  case  of  primary  acute  nephritis.  But  patients 
with  chronic  renal  disease  upon  which  no  acute  change  has  been 
superadded,  and  in  whom  there  is  no  cardiac  failure,  nevertheless 
show  an  oedema.  In  these  cases  it  is  never  considerable  and,  as 
a  rule,  is  confined  to  the  existence  of  a  "  puffiness  "  of  the  loose 
connective  tissue  about  the  eyes.  The  explanation  of  this 
oedema  is  not  easy,  for  at  the  time  at  which  it  is  present  the 
excretion  of  urine  is  commonly  increased  considerably  and  not 
diminished.  Nevertheless  the  excretion  of  urea  is  diminished, 
and  there  is  reason  to  believe  that  in  these  cases  the  amount  of 
nitrogenous  waste  product  in  the  blood  is  increased ;  it  is  perhaps 
to  this  fact  that  the  oedema  must  be  ascribed.  The  subjects  of 
chronic  renal  disease,  moreover,  are  commonly  pale  and  anaemic, 
and  it  is  possible  that  chronic  starvation  of  the  tissues  also  plays 
a  part  in  the  process. 

The  dropsy  which  accompanies  lardaceous  disease  of  the 
kidney  has  always  been  a  subject  of  much  uncertainty  on 
account  of  the  marked  differences  which  occur,  especially  in 
the  cardio-vascular  system,  between  this  and  other  varieties  of 
kidney  disease  which  lead  to  oedema.  Judging  from  the  fact 
that  the  lardaceous  material,  as  we  shall  see,  is  deposited  in  the 
coats  of  the  blood-vessels,  and  that  it  causes  a  diminution  in 
their  calibre,  it  seems  probable  that  the  dropsy  in  lardaceous 
disease  depends  upon  direct  ansemia  of  the  tissues,  particularly 
as  no  compensation  for  the  vascular  change  is  made  by  hyper- 
trophy of  the  left  ventricle.  To  this  it  must  be  added  that  the 
chief  causes  of  lardaceous  change,  namely,  prolonged  suppuration 
and  syphilis,  are  eminently  calculated  to  induce  a  cachectic  con- 
dition, and,  therefore,  to  bring  the  tissues  into  a  devitalised  or 
starved  condition. 

The  lardaceous  change  is  a  general  one  and  is  not  confined  to 
the  kidneys,  though  the  kidneys  are  usually  involved.  We  have 
therefore  to  distinguish  between  an  oedema  due  to  the  lardaceous 
change  proper  (and  this  is  almost  certainly  dependent  upon 
simple  starvation  of  the  tissues),  and  an  oedema  due  to  lardaceous 
change  in  the  kidney,  which,  it  is  probable,  depends  to  a  very  large 
extent  upon  storage  of  waste  products  in  the  tissues;  for  the 
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lardaceous  kidney  is  very  frequently,  if  not  generally,  the  subject 
also  of  acute  or  sub-acute  tubal  nephritis.  The  majority  of  cases 
of  lardaceous  disease  combine  these  two  conditions  to  a  greater 
or  less  extent.  The  oedema  of  lardaceous  disease,  even  when 
the  kidney  is  also  the  seat  of  acute  renal  changes,  is  commonly 
not  great.  The  reason  of  this  probably  lies  in  the  fact  that  most 
patients  with  lardaceous  disease  lose  large  quantities  of  water, 
owing  to  the  severe  diarrhoea  and  vomiting  which  arise  from  lar- 
daceous changes  in  the  blood-vessels  of  the  gastro-intestinal 
mucous  membrane. 

(8)  In  (Edema  of  the  Lungs. — (Edema  of  the  lungs,  apart 
from  that  variety  which  is  associated  with  inflammatory  con- 
ditions and  which  is  seen  in  an  extreme  form  in  the  coagulated 
exudation  that  fills  the  air-vesicles  in  acute  pneumonia,  is 
associated  principally  with  cardiac  disease  and  with  acute  renal 
disease.  Cohnheim  insisted  that  pulmonary  oedema  is  stagnative, 
and  depends  upon  failure  to  contract  of  the  left  ventricle  while 
contraction  of  the  right  ventricle  is  still  going  on.  Such  a  con- 
dition is  brought  about  if  the  ascending  aorta  be  ligatured  in  the 
rabbit.  In  the  case  of  oedema  of  the  lungs  which  is  so  frequently 
found  after  death,  he  believed  that  the  failure  of  the  left 
ventricle  to  contract  is  absolute,  and  that  "  a  man  does  not  die 
because  he  gets  oedema  of  the  lung,  but  he  gets  oedema  of  the 
lung  because  he  is  on  the  point  of  dying."  1  But  where  the 
pulmonary  oedema  supervenes  some  time  before  death,  and  where 
it  supervenes  but  later  disappears,  it  is  obvious  that  the  failure 
to  contract  can  only  be  relative.  Virchow  taught  that  the 
oedema  depends  upon  arterial  congestion  and  venous  stagnation, 
but  Cohnheim  pointed  out  that  an  arterial  pressure  so  great 
as  that  produced  by  shutting  out  from  the  circulation  three- 
quarters  of  the  total  sectional  area  of  the  pulmonary  arteries, 
is  not  sufficient  to  produce  oedema  in  the  part  of  the  lung 
supplied  by  the  remaining  vessels ;  and  also  that  "  every  stenosis 
of  the  left  auriculo-ventricular  opening  most  plainly  shows  that  the 
mere  impeding  of  the  venous  efflux  from  the  lungs  is  far  from 
being  sufficient  in  itself  to  give  rise  to  transudation  and  oedema." 2 

1  P.  528,  Engl,  trans.  2  P.  523,  Engl,  trans. 
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The  subject  is  so  fraught  with  difficulties  from  an  experimental 
point  of  view  that  an  explanation  of  pulmonary  cedema  is  under 
any  circumstances  not  easy.    But  in  the  case  of  cardiac  disease, 
at  all  events,  the  fact  that  oedema  of  the  lungs  is  as  much  a  sign 
of  failure  of  the  right  ventricle  as  is  oedema  of  the  ankles,  and 
the  fact  that  in  renal  disease,  whether  acute  or  chronic,  the 
presence  of  a  small  amount  of  oedema  at  the  base  of  the  right 
lung  often  is  one  of  the  earliest  signs  of  a  large  accession  of 
dropsy  throughout  the  body  generally,  render  it  probable  that 
pulmonary  oedema  is   essentially  dependent   upon  the  same 
processes  as  oedema  elsewhere.    It  is  tacitly  assumed,  both  in 
Virchow's  and  in  Cohnheim's   explanation,  that  the  oedema 
fluid  in  pulmonary  oedema  is  poured  out  by  the  pulmonary 
blood-vessels.     But  the  existence   of  a   true  inflammatory 
oedema  of  the  lungs  renders  it  possible  if  not  probable  that 
these  blood-vessels  are  not  the  source  of  the  exudation  at  all. 
Inflammatory  oedema  in  the  body  generally  is  accompanied  by 
arterial  dilatation  and  the  presence  of  arterial  blood,  but  in  the 
lungs  the  arterial  blood  is  included  in  veins  whose  walls  are  in 
the  highest  degree  unlike  those  of  the  systemic  arteries.    So  that 
short  of  actual  demonstration  one  is  inclined  to  doubt  whether 
inflammatory  oedema  fluid  is  put  out  by  the  pulmonary  blood- 
vessels, especially  when  one  remembers  that  the  lung  tissue 
proper  is  supplied  by  the  bronchial  arteries  which  are  of 
systemic  origin.    It  is  far  more  probable  that  pulmonary  oedema 
of  all  kinds  is  produced  by  an  excessive  output  of  lymph  from 
the  bronchial  blood-vessels.    If  that  be  so,  the  explanations  that 
have  been  already  given  of  cardiac  and  renal  dropsy  may  readily 
be  applied  to  the  lungs  also.    Nevertheless  this  solution  of  the 
question  must  not  be  regarded  as  more  than  a  possible  one, 
though  there  can  be  no  doubt  that  in  cardiac  failure  the 
nutrition  of  those  parts  which  are  supplied  with  blood  by  the 
bronchial  arteries  must  suffer,  and  that  in  acute  nephritis  those 
same  parts  must  be  poisoned  by  the  accumulated  waste  products 
of  metabolism  that  are  circulating  in  the  blood. 

(y)  Importance  of  Blood-Vessels  in  (Edema-formation. — But 
though  the  author  insists  upon  the  importance  of  the  tissues 
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in  determining  the  occurrence  of  oedema,  he  must  not  be  sup- 
posed to  deny  any  part  to  the  blood-vessels.  On  the  contrary, 
it  has  already  been  pointed  out  that  in  lymph-  and  in  oedema- 
formation  there  must  be  one  phase  of  each  process  in  which  the 
blood-vessels  are  paramount.  Whether  the  changes  initiated 
by  the  blood-vessels  are  physical  or  vital  is  an  open  question, 
which  after  the  recent  discussion  we  may  leave  on  one  side, 
but  there  is  no  doubt  that  the  blood-vessel  walls  are  altered  in 
oedema-formation. 

It  has  been  said  that  active  cougestion  follows  anaemia.  In 
accordance  with  this  law,  severe  anaemia  of  the  hind  limb  of  a 
dog,  produced  by  application  of  an  elastic  bandage  and  maintained 
for  three  hours,  is  followed  by  active  congestion,  as  shown  by 
redness  of  the  limb,  increase  of  temperature,  and  an  output  of 
lymph  so  great  as  to  lead  to  an  oedematous  condition  of  the 
tissues.  But  the  blood-vessels  are  not  only  altered  in  the 
respect  that  there  is  a  greater  output  of  lymph  than  normal, 
they  are  altered  in  that  they  react  to  an  increase  of  venous 
pressure  in  a  manner  absolutely  different  from  that  in  which 
they  react  when  active  congestion  is  absent.  Attention  has 
already  been  drawn  to  the  fact  that  in  the  absence  of  active 
congestion  increase  of  venous  pressure  for  one  hour  does  not  lead 
to  an  increased  output  of  lymph,  but  when  active  congestion  is 
present  and  oedema  is  making  its  appearance,  the  output  of  lymph 
increases  as  the  venous  pressure  is  raised,  returns  to  normal  as 
the  venous  pressure  is  allowed  to  return  to  normal.  In  other 
words,  when  oedema  is  coming  on,  the  blood-vessel  walls  react  to 
increase  of  venous  pressure  like  simple  physical  membranes. 
Whether  this  is  the  case  with  the  degree  of  active  congestion 
which  occurs  in  normal  physiological  life  is  at  present  un- 
known, but  that  it  is  true  of  the  great  active  congestion 
which  accompanies  oedema-formation  after  severe  anaemia  or 
the  storage  of  metabolic  waste  products  in  the  tissues,  is  certain. 

Apart  from  these  changes  the  blood-vessels  must  be  altered 
in  another  way.  In  the  vast  majority  of  cases,  the  factors  that 
determine  starvation  and  storage  of  waste  products  in  the  tissues, 
must  also  determine  starvation  and  storage  of  waste  products  in 
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the  cells  composing  the  blood-vessel  walls  themselves.  In  the 
case  of  inflammatory  oedema,  for  example,  it  is  only  in  special 
cases  that  the  irritant  fails  to  act  on  the  blood-vessels  of  the  part 
at  the  same  moment  that  it  acts  upon  the  tissue  cells.  And  just 
as  it  is  unreasonable  to  suppose  that  starved  and  poisoned  tissue 
cells  can  discharge  their  function  normally,  so  it  is  impossible  to 
imagine  that  a  membrane  of  starved  and  poisoned  endothelial 
cells  can  discharge  its  function  normally  whether  we  regard  it 
as  a  filter  or  as  a  secreting  organ.  The  function  of  that  membrane 
must  be  altered,  and  with  it  the  composition  of  the  fluid  that  has 
passed  through  the  membrane  must  be  altered  also.  From  the 
very  nature  of  the  case  it  is  essential  that  oedema  fluid  should 
differ  from  normal  lymph,  and  that  specimens  of  oedema  fluid 
should  vary  according  to  the  degree  in  which  the  function  of  the 
blood-vessel  wall  is  modified. 

But  it  is  difficult  if  not  impossible  to  separate  the  action  of 
a  substance  upon  the  blood-vessel  walls  from  its  action  upon 
the  tissue  cells,  and  though  Heidenhain  has  shown  that  such 
substances  as  leech  extract,  mussel  extract,  etc.,  produce  an 
increase  of  lymph-flow,  and  Hamburger  has  described  a  micro- 
organism whose  toxic  products  lead  to  oedema,  it  cannot  be 
regarded  as  certain  that  these  substances  act  upon  the  endo- 
thelium of  the  blood-vessel  walls  directly  as  the  authors 
mentioned  would  have  us  believe,  rather  than  indirectly  through 
the  medium  of  the  tissue  cells. 

I  have  examined  microscopically  the  capillaries  and  small 
veins  of  the  frog  in  many  cases  in  which  there  was  oedema, 
but  have  found  no  change,  either  histological  or  histo-chemical, 
excepting  actual  rupture  of  the  vessels  due  essentially  to  the 
manipulative  interference.  Even  when  the  oedema  is  extreme,  as, 
for  example,  in  the  case  of  frogs  that  have  been  curarised  and 
allowed  to  remain  in  a  damp  atmosphere,  no  vascular  change 
could  be  recognised  either  by  attempts  at  staining  during  the 
life  or  after  the  death  of  the  animal.  Arnold,  in  inflammatory 
oedema,  has  described  the  cement  substance  between  the  endo- 
thelial cells  composing  the  capillary  wall  as  being  altered.  In 
normal  specimens  stained  with  nitrate  of  silver  the  cement 
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substance  is  represented  by  a  number  of  very  narrow  lines 
of  a  fairly  constant  thickness,  but  when  the  vessel  is  inflamed 
Arnold  describes  these  lines  as  presenting  a  beaded  appearance, 
and  the  so-called  "  stomata  "  as  being  more  evident.  Excepting 
the  alteration  in  quantity  and  quality  of  the  lymph  which 
accompanies  inflammation  this  is  the  only  evidence  which  we 
possess  that  the  constitution  of  the  blood-vessel  walls  is  changed 
when  oedema  occurs.  But  the  meaning  of  this  capillary  change, 
even  if  it  be  a  real  and  not  an  artificial  one,  is  of  course  quite 
uncertain.  Engelmann  goes  so  far  as  to  assert  the  possibility 
that  the  so-called  "  stomata  "  in  blood-vessels  are  themselves 
artificial  productions. 

($)  Explanation  of  the  Distribution  of  (Edema. — It  has 
already  been  said  that  the  distributions  of  cardiac  and  of  renal 
dropsy  are  different,  cardiac  oedema  showing  itself  first  and 
principally  in  those  situations  where  the  action  of  gravity  is 
greatest,  as  at  the  ankles,  renal  oedema  in  situations  such  as  the 
face,  where  the  action  of  gravity  is  apparently  set  aside.  The 
explanation  of  these  differences  in  distribution  must  now  be 
examined  a  little  more  closely. 

(1)  Cardiac  (Edema. — The  characteristic  distribution  of  cardiac 
dropsy  is  usually  regarded  as  strong  evidence  of  the  mechanical 
causation  of  passive  oedema,  for  it  is  obvious  that  when  venous 
pressure  is  increased  generally  by  the  condition  of  the  heart,  the 
effects  of  that  pressure  must  be  increased  by  gravity  to  a  greater 
extent  in  the  capillaries  of  the  foot  than  elsewhere  in  the  body. 
Of  the  bare  fact  that  cardiac  oedema  shows  itself  first  in  the 
neighbourhood  of  the  ankles  there  is  of  course  no  doubt,  and  it 
will  immediately  be  seen  that  this  distribution  of  the  dropsy  is 
rightly  held  as  being  dependent  upon  gravity.  But  since  we 
have  rejected  the  view  that  the  oedema  of  venous  congestion 
depends  upon  increase  of  venous  pressure  per  se,  it  is  necessary 
to  show  how  it  is  possible  to  explain  the  characteristic  distribu- 
tion of  the  dropsy,  on  the  assumption  that  the  oedema  is 
primarily  caused  by  an  endeavour  of  the  blood-vessels  to  supply 
the  needs  of  the  tissues  and  to  provide  a  means  for  the  washing 
away  of  the  products  of  tissue-metabolism. 

Q 
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(Edema  does  not  show  itself  in  cases  of  cardiac  disease  until 
general  cardiac  failure  sets  in.  So  long  as  compensation  is  fully 
maintained,  oedema  and  the  other  symptoms  of  heart  failure  re- 
main in  abeyance.  With  the  onset  of  general  cardiac  failure  the 
pressure  in  the  systemic  veins  is  indeed  increased,  but  the  force 
and  efficiency  of  the  left  ventricle  are  diminished  also.  Therefore 
in  general  cardiac  failure  all  parts  of  the  body  must  suffer — not 
necessarily  to  an  equal  degree  but  necessarily  to  some  degree — 
from  starvation  of  the  tissues  due  to  changes  on  the  arterial  side. 
In  addition,  the  increase  of  venous  pressure  retards  the  flow 
of  blood  through  the  tissues,  and  hence  the  changes  on  the 
venous  side  add  to  the  starvation  of  the  tissues,  while  at  the 
same  time  they  impede  the  removal  of  waste  products  from  them. 
Under  these  circumstances  one  would  expect  that  the  oedema 
should  show  itself  all  over  the  body,  in  the  hand,  for  example,  as 
well  as  in  the  foot.  But  it  must  be  remembered  that  experiment 
has  shown  that  when  oedema  is  coming  on,  the  output  of  lymph 
from  the  blood-vessels  varies  directly  with  the  venous  pressure 
(i.e.,  with  the  capillary  pressure).  Now  the  capillary  pressure  is 
normally  greater  in  the  foot  than  in  the  hand,  principally  owing 
to  the  fact  that  the  lower  limbs,  and  especially  the  legs  and  feet, 
are  commonly  in  the  dependent  position,  while  the  fore-arms  and 
the  hands  are  more  commonly  horizontal  or  even  somewhat 
elevated.  So  that  even  if  starvation  of  the  tissues  and  the 
storage  of  waste  products  in  the  hand  were  as  great  as  they  are 
in  the  foot,  which  again,  owing  to  gravity,  they  are  not,  it  would 
be  essential  that  the  oedema  should  show  itself  first  in  the  foot. 
When,  therefore,  the  conditions  are  such  that  oedema  is  coming 
on,  gravity  determines  that  the  greatest  output  of  lymph  shall  take 
place  in  the  foot,  and  since  gravity  also  offers  a  greater  opposition 
to  the  removal  of  the  lymph  from  the  foot  than  from  the  hand  by 
way  of  the  lymphatics,  a  collection  of  fluid  sufficiently  great  to 
be  recognised  macroscopically  takes  place  in  the  foot  at  a  time 
when  it  is  absent  or  cannot  be  recognised  in  the  hand.  Though 
mechanical  factors  do  not  per  se  determine  the  changes  which 
lead  to  the  onset  of  oedema  in  cardiac  disease,  they  take  a  large 
share  in  determining  the  distribution  of  the  oedema  when  those 
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changes  have  been  brought  about,  as  well  as  in  determining  the 
time  at  which  those  changes  shall  occur  in  different  regions. 

(2)  Renal  (Edema. — In  the  dropsy  of  acute  renal  disease  the 
metabolic  products  of  the  tissues  are  circulating  in  the  blood, 
and  for  this  reason  all  parts  of  the  body  must  suffer.  In  this 
respect  there  is  similarity  between  renal  and  cardiac  causes  of 
dropsy,  but  here  the  similarity  stops,  for  in  uncomplicated  renal 
disease,  cardiac  failure  and  all  its  consequences  are  absent,  and 
the  left  ventricle  readily  overcomes  the  effects  of  gravity.  For 
this  reason  the  oedema  does  not  first  show  itself  in  the  lower 
extremities  but  in  those  parts  of  the  body  where  the  tissue  is 
loosest,  where  the  output  of  lymph  is  least  impeded,  and  where 
the  presence  of  an  increased  output  of  fluid  is  most  easily 
recognised.  Of  all  situations  the  eyelids  fulfil  these  conditions 
best,  but  if  care  be  taken  it  will  be  found  that  a  small  amount 
of  oedema  may  be  recognised  simultaneously  in  other  regions  also 
where  the  subcutaneous  tissue  is  loose.  Sufficient  has  already 
been  said  concerning  the  dropsy  which  occurs  in  chronic  renal 
disease  complicated  by  cardiac  failure  and  in  lardaceous  disease 
to  render  any  special  remarks  upon  the  distribution  of  the 
dropsy  in  these  conditions  unnecessary. 

But  questions  as  to  the  distribution  of  dropsical  fluid  cannot 
be  dismissed  quite  so  summarily. 

When  oedema  affects  one  and  the  same  tissue,  it  is  readily 
intelligible  that  the  oedema  should  be  most  evident  in  parts 
where  that  tissue  is  loosest,  for  mechanical  factors  play  their 
part  in  oedema-formation  and  distribution.  It  is  obvious  that 
the  output  of  fluid  depends  upon  the  resistance  to  that  output 
offered  by  the  density  of  the  tissues,  so  that  there  is  no  difficulty 
in  understanding  that,  when  oedema  shows  itself  in  subcutaneous 
connective  tissue,  it  appears  sooner  and  is  more  marked  about 
the  ankles  than  over  the  tibiae,  or  in  the  eyelids  than  over  the 
pinnae  of  the  ears.  But,  on  the  other  hand,  though  it  might 
be  expected,  for  example,  that  the  dropsy  of  acute  renal  disease 
should  affect  all  tissues  of  the  body  alike,  the  autopsy  of  a  person 
who  has  succumbed  to  acute  nephritis  reveals  the  fact  that  the 
excess  of  lymph  shows  itself  more  in  some  situations  than  in 
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others.  Thus  there  may  be  great  effusion  into  the  pleural  and 
peritoneal  cavities,  while  the  pericardial  cavity  contains  little  if 
any  more  fluid  than  normal ;  there  may  be  extreme  oedema  of 
the  subcutaneous  connective  tissue  over  the  whole  body  and  but 
little  excess  of  fluid  in  the  serous  cavities,  and  so  on.  Again, 
when  the  lower  extremities  become  cedematous  as  the  result  of 
cardiac  disease,  the  excess  of  fluid  is  contained  in  the  skin  and 
subcutaneous  tissue  rather  than  in  the  subjacent  muscles.  So 
also  in  extreme  hydrsemic  plethora,  Cohnheim  and  Lichtheim 
found  that  the  fibrous  tissue  of  the  salivary  glands  and  pancreas 
become  oedematous,  and  not  the  gland  substance  itself.  And  in 
renal  disease  and  in  venous  obstruction  it  is  the  subcutaneous 
connective  tissue  and  adipose  connective  tissue  and  the  serous 
cavities  which  become  dropsical,  while  such  tissues  as  the 
skeletal  muscles,  the  heart,  and  the  brain  remain  free.1  Indeed 
it  may  be  stated  generally  that  when  oedema  shows  itself  in  a 
complex  mass  of  tissue,  it  is  most  manifest  in  those  parts  of  the 
mass  which,  physiologically,  are  of  the  least  importance  to  the 
economy. 

Now  at  first  sight  it  is  difficult  to  reconcile  these  facts  with 
the  view  of  oedema  which  has  been  put  forward  in  the  preceding 
pages.  At  first  sight  it  might  be  supposed  that  tissues  such  as 
the  brain  and  heart,  which  are  extremely  sensitive  to  alterations 
in  the  quantity  and  quality  of  their  blood-supply,  would  suffer 
first  and  to  the  greatest  extent  from  deficient  nutrition  or 
storage  in  situ  of  metabolic  waste  products ;  that,  in  other 
words,  if  the  author's  explanation  of  cedema  is  correct,  the  brain 
and  heart  should  be  the  first  organs  to  show  oedema,  and  should 
show  it  to  the  greatest  extent.  The  brain  can  ill  bear  starva- 
tion, and  since  its  demand  for  nutrition  is  greater  than  that  of 
the  skin  when  both  are  starved  or  poisoned  by  the  same  cause, 
one  might  expect  that  the  brain  should  become  oedematous  while 
the  skin  is  normal,  whereas  actually  the  converse  is  the  case. 

An  explanation  of  this  apparent  paradox  is  suggested  by 

1  It  is  open  to  doubt  whether  in  extreme  cases  the  "nobler  "  tissues  are  not  in 
some  degree  oedematous  ;  in  the  case  of  muscle,  at  all  events,  it  has  been  shown 
experimentally  that  the  onset  of  oedema  is  accompanied  by  a  fall  in  specific 
gravity  ;  the  brain,  too,  of  persons  dying  with  renal  dropsy  is  often  "watery." 
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Voit's  researches  on  the  proportionate  losses  in  weight  which 
the  various  organs  undergo  in  starvation.  Voit  found,  on 
depriving  animals  of  food  over  a  prolonged  period,  that  those 
tissues  which  are  of  the  greatest  importance  to  the  economy 
are  nourished  at  the  expense  of  those  tissues  which  are  of  less 
importance.  Thus  the  brain  and  spinal  cord  lose  only  3  per 
cent,  of  their  weight  in  a  hunger  period  during  which  fat  loses 
96  per  cent.  Now,  in  the  starvation  which  leads  to  oedema  it  is 
likely  that  the  same  law  holds  good,  and  since  the  brain,  for  ex- 
ample, gets  its  full  complement  of  food  when  the  heart  is  failing 
or  when  there  is  renal  disease,  it  follows  that  not  only  must  the 
less  important  tissues,  such  as  fat,  skin,  etc.,  get  a  diminished 
supply  dependent  upon  the  cardiac  or  renal  cause,  but  that  that 
diminution  must  be  further  augmented  by  reason  of  the  deficiencies 
which  are  being  made  up  in  the  brain.  The  brain,  therefore, 
does  not  suffer,1  but  the  skin,  etc.,  suffer  doubly.  It  is  no  cause 
for  wonder,  therefore,  that  oedema  manifests  itself  principally  in 
the  skin  and  serous  cavities. 

(e)  Source  of  (Edema  Fluid. — The  fluid  which  enters  a  part  and 
constitutes  oedema  comes,  of  course,  immediately  from  the  blood, 
but  in  the  case  of  localised  venous  congestion  and  localised  ansemia, 
at  all  events,  this  is  not  the  end  of  the  matter.  For  it  has  already 
been  said  that  whereas  there  is  a  fall  in  the  specific  gravity  of 
the  muscle  and  skin  of  the  limb  in  which  oedema  occurs,  there 
is  a  rise  in  the  specific  gravity  of  the  muscle  and  skin  elsewhere. 
The  tissues,  therefore,  of  the  body  at  large  give  up  water,  or 
rather  lymph,  to  the  blood  to  supply  that  loss  of  lymph  from 
the  blood  which  is  taking  place  in  the  region  of  oedema.  It  is 
probable  that  the  process  whereby  this  output  of  lymph  from 
muscle  and  skin  into  the  blood  takes  place,  is  the  converse  of 
that  which  leads  to  an  intake  of  lymph  by  muscle  when  a  con- 
dition of  apocoptic  plethora  has  been  produced  (chap.  xi.).  But 
there  are  also  reasons  for  believing  that  a  part  of  the  body 
which  needs  an  increased  supply  of  lymph  (the  part  which  is 
becoming  (Edematous)  is  able  to  make  known  its  wants  to  the 
rest  of  the  economy,  whereby  other  parts  are  able  to  assist  in 

1  See  note,  previous  page. 
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meeting  that  demand  and  to  prevent  the  whole  stress  from 
being  felt  by  the  blood.  We  shall  see  later  that  in  collapse  the 
specific  gravity  of  the  blood  is  for  some  time  maintained  at  a 
constant  level  in  this  way.  This  fact  is  an  additional  proof — if 
one  be  needed — of  the  importance  of  the  tissues  in  the  pathology 
of  oedema. 

If  we  attempt  to  define  oedema-formation,  therefore,  we  may 
say  that  it  is  an  excess  of  the  normal  process  whereby  the  nutrition 
of  the  tissues  and  the  removal  of  their  waste  products  are  carried 
out.  We  must  conclude  that  oedema-formation,  like  lymph- 
formation,  is  the  ultimate  result  of  two  sets  of  phenomena,  one 
in  which  the  tissues  are  paramount,  the  other  in  which  the 
blood-vessels  are  paramount.  Of  these  two  sets  of  phenomena, 
the  first,  in  my  opinion,  is  the  most  important,  but  the  second 
is  the  one  upon  which  stress  is  laid  by  most  authors  at  present. 
As  to  whether  lymph-formation  and  oedema-formation  are 
entirely  explained  by  our  present  knowledge  of  physics  and 
chemistry,  or  are  in  great  part  dependent  upon  processes  which, 
for  lack  of  a  better  name,  we  may  call  vital  secretory,  is  un- 
certain, but  in  my  opinion  the  bulk  of  evidence  is  in  favour  of 
the  latter  interpretation  ;  in  this  respect  I  agree  with  Heidenhain 
and  Hamburger. 

We  have  dealt  with  the  accumulation  of  lymph  in  the  tissues 
and  in  the  serous  cavities,  and  have  shown  ho  w»  such  accumula- 
tion depends  upon  a  disturbance  of  the  normal  equilibrium 
which  exists  between  blood,  blood-vessels,  tissues,  and  lymphatics. 
This  equilibrium  is  unstable,  and  that  a  tissue  does  not  become 
oedematous  —  in  the  pathological  sense  of  the  term  —  under 
normal  circumstances  depends  upon  the  fact  that  an  equi- 
librium can  still  be  maintained  in  spite  of  marked  alterations 
in  the  conditions  of  the  component  forces.  It  is  true  that  a 
healthy  tissue,  which  is  the  seat  of  increased  metabolism  (for 
example,  the  hand  and  arm  when  immersed  in  warm  water) 
under  normal  conditions,  tends  to  become  oedematous  in  that 
it  contains  a  greater  amount  of  lymph  than  when  its  meta- 
bolism is  not  increased.  That  it  does  not  become  pathologically 
oedematous  simply  depends  upon  the  fact  that  the  reserve  power 
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of  the  heart  and  the  degree  of  dilatation  which  the  arteries  can 
undergo  are  such,  that  an  amount  of  blood  and  of  lymph  can  be 
supplied  to  the  part  far  greater  than  is  necessary  to  supply  the 
increased  demand  of  the  tissues.  The  tissues  demand  more 
lymph  than  normal,  but  their  demands  can  be  supplied  at  once 
and  in  full  by  the  vascular  system ;  starvation  and  storage  of 
waste  products  are  kept  within  manageable  limits.  But  when 
there  is  some  failure  of  the  central  organ,  as  in  cardiac  disease, 
or  when  there  is  an  impediment  to  the  circulation,  as  in  the 
case  of  a  tight  ring  or  bandage,  the  action  of  which  is  prolonged, 
or  when  there  is  an  insufficient  supply  of  blood  to  meet  the 
normal  requirements  of  the  tissues,  as  after  ligature  of  the  main 
artery  of  a  limb,  starvation  or  storage  of  waste  products,  or  both 
together,  occur  to  so  great  an  extent  that  the  maximum  en- 
deavours on  the  part  of  the  circulatory  system  are  insufficient 
to  meet  the  demands  of  the  tissue.  However  much  lymph 
may  be  poured  out  there  still  remains  a  stimulus  for  the  output 
of  more,  and  since  the  capacity  of  the  lymphatic  system  is 
limited  this  lymph  cannot  be  carried  away  as  rapidly  as  it  is 
formed :  a  portion  of  it  remains  in  the  tissues  and  oedema 
results. 

From  this  it  follows  that  if  the  demand  of  the  tissues  can 
be  sufficiently  lessened  to  be  brought  within  the  limits  of  the 
supply,  whether  that  supply  be  normal  or  abnormal,  the  demand 
of  the  tissues  and  the  output  of  lymph  will  cease,  so  that  in  time 
the  excess  of  lymph  will  drain  away  from  the  tissues  and  the 
oedema  will  disappear.  That  this  sequence  of  events  happens 
is  shown  very  clearly  by  the  effect  of  rest  on  a  patient  with 
commencing  heart  failure  and  oedema  of  the  legs.  When  the 
patient  is  walking  about,  the  demands  of  the  tissues  are  the 
sum  of  the  demands  made  for  the  maintenance  of  life  of  the 
tissues,  and  the  demands  made  for  the  exercise  of  functional 
activity  by  the  muscles.  For  these  demands  the  vascular 
system  is  not  sufficient,  and  hence  the  oedema.  But  when  the 
patient  is  at  rest  in  bed  the  demands  made  for  functional 
activity  to  a  large  extent  cease,  and  the  vascular  system, 
though  unable  to  meet  the  double  demand,  is  equal  to  meeting 
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the  diminished  demand ;  the  oedema  rapidly  disappears.  At  a 
later  stage  of  the  cardiac  failure,  however,  the  supply  is  not 
even  equal  to  the  one  demand  made  by  the  tissues  for  the 
maintenance  of  their  life,  and  oedema  reappears.  Under  these 
circumstances,  though  it  is  no  longer  possible  to  reduce  the 
demand  of  the  tissues,  equilibrium  may  be  re-established  by 
increasing  the  supply.  This  can  be  done  by  the  aid  of  cardiac 
tonics  such  as  digitalis,  strophanthus,  strychnine,  iron,  etc. ; 
these  drugs  improve  the  nutrition  of  the  myocardium,  lead  to  a 
more  satisfactory  ventricular  contraction,  and  again  oedema  dis- 
appears. But  in  the  case  of  every  cardiac  patient,  if  the  condition 
run  a  natural  and  uninterrupted  course,  there  comes  a  time  when 
at  last  the  heart  can  no  longer  be  braced  up,  and  when,  aided  to 
the  utmost  by  drugs  and  by  reduction  to  a  minimum  of  the 
demand,  it  is  nevertheless  unable  to  meet  the  requirements  of 
the  tissues.  Dropsy  now  never  leaves  the  patient,  but,  from 
causes  that  can  readily  be  understood,  the  condition  goes  from 
bad  to  worse  until  death  closes  the  scene. 

(£)  Absorption  of  (Edema  Fluid. — There  is  no  doubt  that 
the  removal  of  exuded  fluid  is  carried  out  by  the  lymphatics, 
and  when  the  tissues  are  the  seat  of  the  exudation  and  the 
amount  of  exudation  is  small,  it  is  probable  that  the  lymphatics 
alone  are  sufficient  for  the  purpose.  But  when  the  amount  of 
fluid  is  great,  it  is  possible  that  the  blood-vessels  play  a  part  in 
the  process.  Indeed  in  the  case  of  collections  of  fluid  in  the 
serous  cavities,  whether  introduced  experimentally  or  during 
the  course  of  disease,  there  is  reason  to  believe  that  the  blood- 
vessels may  play  a  greater  part  than  the  lymphatics.  Thus 
Starling  and  Tubby  found,  on  injecting  colouring  matter  (indigo- 
carmine  and  methylene-blue)  into  the  pleural  or  the  peritoneal 
cavity,  that  in  eleven  out  of  twelve  experiments  the  colouring 
matter  appeared  earlier  in  the  urine  than  in  the  lymph  which 
flowed  from  the  thoracic  duct.1 

1  Meltzer  has  recently  (Nov.  20,  1897)  published  experiments  showing  the 
exact  opposite.  Perhaps  a  difference  in  the  degree  of  anaesthesia  employed  by 
these  authors  accounts  for  the  differences  in  their  results.  I  certainly  cannot 
entertain  the  suggestion  put  forward  by  Meltzer  that  Starling  and  Tubby's  results 
were  due  to  leakage  into  the  urine  of  coloured  fluid  from  the  abdominal  cavity. 
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All  varieties  of  fluid  are  not  absorbed  at  the  same  rate,  whether 
from  serous  cavities  or  from  connective  tissue  spaces.  It  has 
been  found  experimentally  that  watery  solutions  of  crystalloids 
are  absorbed  with  much  greater  rapidity  than  fluids  contain- 
ing proteid.  Amongst  watery  solutions  of  crystalloids,  too,  the 
rapidity  of  absorption  is  greater  as  the  solution  is  more  dilute. 
The  same  differences  are  observed  clinically ;  in  fact,  pathological 
exudations  into  the  serous  cavities,  if  they  contain  a  consider- 
able amount  of  proteid,  are  often  absorbed  with  extreme  slow- 
ness or  not  at  all.  Whether  a  solution  introduced  into  a  serous 
cavity,  or  into  the  connective  tissues  experimentally  or  for  thera- 
peutic purposes,  be  a  purely  watery  one  or  no,  after  a  shorter 
or  longer  time  such  fluid  as  remains  at  the  seat  of  injection  is 
found  to  contain  albumen.  In  the  case  of  a  solution  of  a  crystal- 
loid, if  the  degree  of  concentration  be  above  a  certain  point, 
the  volume  of  fluid  injected  into  the  serous  cavity  or  connective 
tissue  increases  at  first,  owing  to  the  output  of  fluid  from  the 
blood-vessels. 

The  process  whereby  absorption  of  fluid  takes  place,  in  so  far 
as  it  takes  place  by  way  of  the  blood-vessels,  forms  a  part  of 
the  whole  controversy  as  to  the  physical  or  vital  function  of  the 
blood-vessel  walls.  We  have  already  dealt  with  this  contro- 
versy in  the  case  of  lymph-formation  and  oedema-formation  at 
some  length,  and  it  is  unnecessary  to  enter  so  fully  into  the 
subject  of  absorption. 

(1)  Part  played  by  the  Lymphatics. — It  may  be  taken  as 
certain  that  one  portion  of  absorption  is  carried  out  by  the 
lymphatics.  The  lymph  is  urged  along  the  lymphatics  mainly 
by  the  aid  of  muscular  contraction  of  the  parts  in  which  the 
lymphatics  lie,  aided  perhaps  by  the  contractility  which,  accord- 
ing to  Camus  and  Gley,  resides  in  the  walls  of  the  thoracic  duct. 
Concerning  this  portion  of  the  process  nothing  more  need  be  said. 

(2)  Part  played  by  the  Blood-vessels. — In  investigating  the 
part  played  by  the  blood-vessels  in  absorption,  Heidenhain 
introduced  salt  solutions  of  known  strengths,  which  were  differ- 
ent in  different  experiments,  into  a  loop  of  intestine  shut  off 
from  the  rest  of  the  gut  by  ligatures.    After  a  certain  time  the 
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loop  was  opened  and  the  fluid  contents  collected  and  analysed. 
Heidenhain  found  that  saline  solutions  whose  freezing  points 
were  equal  to  or  higher  than  that  of  the  blood-serum  of  the 
animal  under  experiment  were  absorbed,  and  this  he  regarded 
as  being  due  chiefly  to  osmosis.  But  since  he  found  that  solu- 
tions whose  freezing  point  was  lower  than  that  of  the  serum 
were  absorbed  also,  and  that,  after  exposing  the  intestinal 
mucous  membrane  to  the  action  of  sodium  fluoride  (which 
destroys  the  vitality  of  the  epithelium),  the  absorption  which 
occurs  is  different  from  that  which  occurs  when  sodium  fluo- 
ride has  not  been  used,  and  is  explicable  on  physical  principles 
alone,  he  concluded  that  besides  the  physical  part  of  absorption 
there  is  a  part  which  is  dependent  upon  the  life  of  the  epithelium. 

Starling  for  a  time  was  inclined  to  allow  that  absorption  from 
the  pleural  cavity  cannot  be  explained  on  physical  principles 
alone,  but  in  his  later  work  he  abandoned  this  view,  and  holds 
that  absorption,  so  far  as  the  blood-vessels  are  concerned  in 
the  process,  essentially  depends  upon  osmosis  and  dialysis.  Of 
course  he  only  regards  these  processes  as  being  concerned  with 
the  absorption  of  water  and  crystalloids ;  the  proteid  constitu- 
ents of  exudations,  he  considers,  are  absorbed  by  way  of  the  lym- 
phatics. In  the  osmotic  process  he  ascribes  the  chief  part  to  the 
possession  by  proteid  substances  of  a  small  but  definite  osmotic 
pressure.  The  experiments,  however,  by  means  of  which  he  seeks 
to  establish  this  point  are  not,  to  my  mind,  convincing.  With 
regard  to  the  absorption  of  highly  albuminous  fluids  from  the 
serous  cavities  and  connective  tissue  spaces,  Starling  maintains 
that  there  is  no  sufficient  evidence  that  such  fluids  are  absorbed 
by  the  blood-vessels  at  all,  and  that  the  very  slowness  with  which 
they  are  absorbed  is  probably  an  indication  that  absorption  is 
carried  out  "  mainly,  if  not  exclusively,"  by  the  lymphatics. 

Hamburger  found  that  absorption  from  the  peritoneal  cavity 
takes  place  even  twenty-four  hours  after  the  animal  has  been 
killed,  and  that  no  difference  is  made  whether  the  endothelial 
cells  of  the  peritoneum  have  or  have  not  been  killed  by  the 
action  of  heat  or  of  any  chemical  substance.  He  therefore 
rejects  the  vitalistic  explanation,  and  since,  as  Heidenhain  had 
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pointed  out,  fluids  with  a  lower  freezing  point  and  therefore  a 
higher  final  osmotic  pressure  than  serum  are  absorbed,  as  well 
as  those  with  an  equal  or  a  higher  freezing  point,  he  also  rejects 
osmosis  as  the  effective  agent.  He  ascribes  absorption  to  the 
physical  process  of  imbibition.  According  to  Fick  two  kinds  of 
imbibition  may  be  recognised:  (1)  molecular,  i.e.,  the  sucking  up 
of  fluids  by  homogeneous  substances,  such  as  gelatine,  agar-agar, 
etc. ;  (2)  capillary,  i.e.,  imbibition  into  porous  materials,  such 
as  porcelain,  connective  tissue,  etc.  Hamburger  suggests  that 
when  fluids  are  present  in  the  peritoneal  cavity,  the  cement 
substance  between  the  endothelial  cells,  and  possibly  the  cells 
themselves,  take  up  the  fluid  by  molecular  imbibition.  Then 
by  capillary  imbibition  the  fluid  is  taken  up  into  the  connective 
tissue  spaces,  where  a  small  part  is  removed  by  the  lymph- 
stream.  The  remainder  is  sucked  up  by  the  cement  substance 
between  the  endothelial  cells  of  the  blood-vessel  walls  or  even  by 
the  cells  themselves.  The  power  of  imbibition  by  a  tissue  being 
limited,  in  a  short  time  the  maximum  swelling  would  be  reached 
and  absorption  would  cease  were  it  not  that  the  blood-stream 
continually  removes  fluid  taken  up  by  the  capillary  walls.  He 
found  that  he  was  able  artificially  to  simulate  the  process  and 
produce  absorption  of  serum. 

Now  previous  to  any  discussion  of  the  mode  whereby  absorp- 
tion takes  place,  it  is  necessary  once  more  to  point  out  that,  so 
far  as  concerns  the  part  that  may  be  played  by  osmosis,  con- 
siderations derived  from  determinations  of  freezing  points  are 
fallacious  guides.  It  follows  that  there  is  grave  doubt  whether 
the  so-called  "  hypertonic  "  solutions  of  all  those  authors  who 
have  introduced  crystalloid  solutions  into  the  peritoneal  cavity 
for  experimental  purposes  are  hypertonic  at  all,  in  the  sense 
that,  on  physical  principles,  the  flow  of  fluid  should  be  from  the 
blood-vessels  into  the  peritoneal  cavity.  As  a  matter  of  fact,  in 
the  majority  of  cases,  if  not  in  all,  the  crystalloid  solutions 
used  were  of  such  strengths  that,  on  physical  principles  and  at 
pressures  such  as  obtain  in  the  animal  body,  the  flow  of  fluid 
should  take  place  in  the  direction  that  it  has  done,  viz.,  from 
the  peritoneal  cavity  to  the  blood-vessels.     The  conclusions 
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drawn  by  Heidenhain  and  by  Hamburger  lose  force  from  the  fact 
that  the  arguments  are  based  upon  false  premises. 

But  even  if  the  crystalloid  solutions  are  of  such  a  strength 
that  no  objection  can  lie  on  this  score,  the  author's  experiments 
seem  to  indicate  that  absorption  of  crystalloid  solutions  more 
concentrated  than  is  necessary  to  produce  osmotic  equilibrium 
with  the  blood-plasma  on  the  other  side  of  the  vessel  wall,  can 
take  place  ultimately  by  a  combination  of  the  physical  processes 
of  osmosis  and  dialysis.  The  reason  of  this  depends  upon  the 
fact  to  which  allusion  has  already  been  made,  that  the  presence 
of  proteid  in  a  solution  does  not  hinder  dialysis  to  anything 
like  the  extent  that  it  hinders  osmosis. 

If  we  place  on  one  side  of  a  membrane,  in  an  artificial 
scheme,  serum  which  is  in  osmotic  equilibrium  at  atmospheric 
pressure  with  a  T6  per  cent,  watery  solution  of  sodium  chloride, 
and  on  the  other  side  of  the  membrane  place  a  2  per  cent, 
watery  solution  of  sodium  chloride,  at  first  fluid  passes  through 
the  membrane  by  osmosis  towards  the  salt  solution.  After  a 
certain  point  of  concentration  has  been  reached  on  either  side 
of  the  membrane  the  two  fluids  come  into  osmotic  equilibrium 
and  the  flow  of  fluid  ceases.  But  afterwards  it  recommences, 
but  the  direction  of  the  flow  is  reversed  and  the  serum  increases 
in  amount  at  the  expense  of  the  salt  solution.  The  reason  of 
this  is  as  follows.  While  osmosis  is  going  on  from  serum  to 
salt  solution,  sodium  chloride  is  dialysing  through  the  membrane 
from  the  salt  solution  into  the  serum.  On  starting  the  experi- 
ment the  amount  of  sodium  chloride  in  the  serum  is  approxi- 
mately "5  per  cent.,  the  amount  of  sodium  chloride  in  the  salt 
solution  is  2  per  cent. ;  hence  dialysis  will  only  cease  when  a 
1'25  per  cent,  solution  of  sodium  chloride  is  on  either  side  of 
the  membrane.  Before  this  can  be  reached,  however,  the  point 
of  concentration  (1*6  per  cent.)  of  the  sodium  chloride  solution 
necessary  to  produce  osmotic  equilibrium  with  the  serum  must 
be  passed,  and  directly  that  point  has  been  passed  the  osmotic 
flow  of  fluid  changes  its  direction.  It  follows,  therefore,  that 
the  experiments  hitherto  performed,  which  have  shown  the 
absorption  of  so-called  "  hypertonic  "  solutions,  cannot  be  taken 
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as  evidence  of  the  insufficiency  of  osmosis,  as  both  Heidenhain 
and  Hamburger  would  have  us  believe.  If  we  apply  this  ex- 
periment to  the  animal  body,  and  remember  that  such  sodium 
chloride  as  may  pass  into  the  blood-vessels  by  dialysis  is 
readily  excreted  by  the  kidneys,  it  is  obvious  that  physical 
experiments  indicate  no  limit  to  the  degree  of  concentration 
which  a  crystalloid  solution  must  possess,  in  order  to  put  the 
possibility  out  of  the  question  that  absorption  of  crystalloid 
solutions  takes  place  by  a  combination  of  the  physical  processes 
of  osmosis  and  dialysis. 

When  the  fluid  in  the  peritoneal  cavity  contains  proteid,  the 
case  is  not  greatly  different,  for  it  has  been  said  that  when  two 
fluids,  which  differ  from  one  another  only  in  the  amounts  of 
proteid  which  they  contain,  are  placed  on  either  side  of  a 
membrane  in  an  artificial  scheme,  the  fluid  which  contains  the 
greater  amount  of  proteid  increases  in  quantity  at  the  expense 
of  the  fluid  which  contains  the  smaller  amount  of  proteid.  The 
reason  of  this  appears  to  lie  in  the  different  degrees  to  which 
the  membrane  is  clogged  by  proteid  on  the  two  sides.  It  is 
only  when  actual  hemorrhage  has  taken  place  that  exact  simi- 
larity in  proteid  content  of  the  fluids  is  found  inside  and  outside 
the  blood-vessels  ;  in  all  other  cases  the  blood  contains  the 
greater  amount  of  proteid,  and  hence  on  physical  principles 
absorption  up  to  a  certain  point  can  take  place. 

From  the  evidence  afforded  by  physical  experiment  we  may 
conclude  that,  when  absorption  takes  place,  it  does  so  in  the 
following  way.  Water  passes  from  the  effusion  into  the  blood- 
vessels by  osmosis  anoT~causes  concentration  of  the  salts  in  the 
effusion  and  dilution  of  the  salts  in  the  blood-plasma.  Owing 
to  the  difference  in  concentration  of  the  salts  on  the  two  sides 
of  the  membrane,  dialysis  is  set  up  and  salts  pass  into  the  blood- 
vessels from  the  effusion.  These  two  processes  must  go  on  so  long 
as  the  proteid  composition  of  the  effusion  is  lower  than  that  of 
the  blood,  but  as  soon  as  the  proteid  composition  of  both  fluids 
is  identical,  any  absorption  which  may  take  place  must  probably 
be  independent  of  osmosis  and  dialysis.  If  it  depend  upon 
physico -mechanical  processes  the  remainder  of  the  fluid  prob- 
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ably  is  carried  away  by  the  lymphatics.  A  physical  view  of 
absorption  such  as  has  been  sketched  above  agrees  well  with 
the  fact  that  absorption  of  highly  albuminous  fluids,  and  in 
particular  of  blood-effusions,  takes  place  with  extreme  slowness. 
In  the  case  of  blood-effusions  it  is  certain  that  in  part  absorp- 
tion takes  place  by  the  lymphatics.  For  when  blood  has  been 
effused  into  the  peritoneal  cavity  (after  rupture  of  a  tubal 
gestation,  for  example)  the  lymphatics  of  the  anterior  medias- 
tinum and  the  lymph  glands  with  which  they  are  in  connection 
are  found  engorged  with  blood.  Absorption  by  the  lymphatics, 
however,  is  slow,  for  they  are  few  and  small  in  comparison  with 
the  amount  of  fluid  that  has  to  be  removed,1  and  since  under 
such  circumstances  the  parts  that  could  be  played  by  osmosis 
and  dialysis  are  reduced  to  a  minimum,  it  is  intelligible  that 
of  all  kinds  of  effusion,  blood  is  absorbed  with  the  greatest 
difficulty. 

To  conclude  : — The  possibility  must  be  allowed  that  absorp- 
tion of  effused  fluids  is  brought  about  in  a  physico-mechanical 
way.  Upon  this  view,  part  of  the  fluid  drains  away  by  the 
lymphatics,  part  passes  directly  into  the  blood-vessels  owing  to 
osmosis  and  dialysis.  Whether  that  explanation  is  considered 
a  sufficient  one,  largely  depends  upon  the  view  that  is  held 
concerning  the  secretory  or  physical  nature  of  the  blood-vessel 
wall. 

Note. — The  foregoing  pages  had  already  passed  through  the 
press  before  I  was  enabled,  through  the  great  kindness  of  Professor 
Schafer,  Professor  Eeid,  and  Dr  Starling,  to  see  advance  sheets 
of  the  sections  on  "  Diffusion,  Osmosis,  and  Filtration  "  (Professor 
Eeid),  and  on  "  The  Production  and  Absorption  of  Lymph  "  (Dr 
Starling)  in  Professor  Schafer 's — at  that  time  unpublished— i 
Text-book  of  Physiology  for  advanced  students. 

From  our  point  of  view,  Eeid's  article  is  most  important  by 
reason  of  the  stress  which  it  lays  upon  the  great  complexity  of 
the  physical  phenomena  accompanying  the  interchange  of  water 

1  The  effects  of  coagulation  of  effused  blood  are  purposely  left  out  of  considera- 
tion. 
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and  of  constituents  of  solutions  through  membranes,  even  when 
the  membrane  is  dead.  With  regard  to  living  membranes  the 
two  principal  statements  made  by  Eeid  are  as  follows: — 
"  Whether  permeability  be  a  function  of  physical  or  chemical 
nature  it  is  obvious  that  in  the  case  of  a  living  membrane  the 
complex  to  which  the  term  '  physiological  condition '  is  applied 
must  affect  the  property,  so  that  one  and  the  same  membrane  in 
the  body  may,  under  different  circumstances,  be  more  or  less 
permeable  by  the  same  substance"  (p.  276);  and,  in  regard  to 
the  question  whether  in  some  cases  the  cells  of  a  part  take  some 
active  part  in  moving  solutions  across  membranes,  "  so  little  is 
known  of  cell  mechanics  that  if  such  a  process  does  take  place, 
we  have  certainly  no  conception  of  its  modus  operandi,  and  it  is 
at  least  probable  that  a  process  considered  to-day  as  a  '  vital 
action/  may  in  the  future  become  capable  of  a  simpler  explana- 
tion" (p.  283).  This  is  no  place  to  discuss  the  rival  views  of 
vital  and  physico-mechanical  action,  but  I  think  it  may  be 
pointed  out  that  the  divergence  between  the  two  kinds  of  view 
is  far  less  than  it  was  fifty  years  ago.  In  the  minds  of  most  who 
use  such  terms  as  "  vital,"  "  vital  secretory,"  &c,  I  think  that  the 
expressions  have  much  the  same  meaning  as  the  term  "  functional " 
in  the  expression  "functional  disease."  At  all  events,  in  the 
preceding  pages  this  is  the  meaning  which  I  have  attached  to 
them.  That  in  the  broadest  sense,  life  and  its  phenomena  are 
built  up  of  chemistry  and  physics,  I  suppose  most  modern 
"vitalists"  would  allow,  and  the  real  difference  between  them 
and  their  opponents  consists  in  a  difference  of  opinion  as  to 
whether  our  present  knowledge  of  chemistry  and  of  physics  is 
sufficient  to  afford  a  full  and  satisfactory  explanation  of  the 
phenomena  under  discussion.  At  the  same  time  the  supporters 
of  "  physical "  views  have  shifted  their  ground  and  recognise  that 
the  crude  physical  views  of  fifty  years  ago  had  no  conception  of 
the  complexity  of  the  phenomena  for  which  they  were  offering  a 
solution. 

Starling's  article  on  the  production  and  absorption  of  lymph 
calls  for  less  notice  as  his  views  have  already  been  set  forth  in 
the  preceding  pages  and  have  undergone  no  modifications  since 
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his  later  publications  on  the  subject.  In  the  case  of  absorption 
of  serum,  however,  Starling  extends  somewhat  his  previous  view 
that  proteid  is  removed  solely  by  the  lymphatics,  by  attributing 
some  importance  to  removal  of  proteid  in  the  nutrition  of  the 
cells  of  the  surrounding  tissues. 
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I.  General  Considerations  and  Description  of  Phenom- 
ena in  Frog. — In  spite  of  Thoma's  remark  that  "  Inflamma- 
tion is  a  kind  of  protean  idea  which  dates  from  the  scholastic 
period  of  ancient  medicine,  and  should  be  relegated  to  it  as  its 
undisputed  property,"  it  is  necessary  to  consider  the  subject  as 
if  it  were  a  definite  entity  instead  of  being  a  combination  of 
phenomena.  For  so  long  as  pathology  is  not  divorced  from 
medicine  and  surgery,  it  will  be  necessary  to  examine  together 
the  processes  which  combine  to  make  up  the  most  common  of 
all  pathological  conditions.  There  is  no  doubt,  as  we  shall  see, 
that  inflammation  is  protean,  but  in  spite  of  diversity  in  shape 
the  pathological  principles  underlying  the  conception  of  inflam- 
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mation  are  everywhere  the  same,  and  the  diversity  of  shape 
depends  upon  factors  which  may  be  highly  important  in 
determining  the  kind  of  inflammation  that  shall  appear,  but 
which,  nevertheless,  are  unessential  in  considering  inflammation 
broadly. 

It  is  intelligible,  from  the  frequency  with  which  inflammatory 
conditions  occur,  that  the  subject  of  inflammation  should  have 
attracted  the  attention  of  the  earliest  writers.  Hippocrates  (b.c. 
430)  described  the  condition  under  the  name  of  "  </>Asy,uoiV 
and  at  the  present  day  some  surgeons  speak  of  "  phlegmonous  " 
erysipelas  when  they  wish  to  imply  that  the  course  of  the  in- 
flammation is  peculiarly  rapid  and  severe.  Celsus  (a.d.  32) 
drew  attention  to  the  most  important  characters  of  acute 
inflammation,  and  the  redness,  swelling,  heat,  and  pain  which  he 
described  have  since  his  time  been  universally  known  as  the 
"  cardinal  signs  "  of  inflammation.  To  the  four  cardinal  signs 
a  fifth,  "  impairment  of  function,"  was  added  later,  and,  speak- 
ing generally,  we  find  that  these  five  signs  are  to  be  recognised 
in  all  cases  of  inflammation.  At  the  very  outset,  however,  it 
is  necessary  to  state  that  the  degrees  to  which  the  cardinal 
signs  are  present,  differ  in  different  cases ;  in  one,  swelling  is 
inconspicuous,  pain  is  severe,  in  another,  redness  is  inconspicuous, 
impairment  of  function  is  severe,  and  so  on  almost  to  infinity. 

The  minute  changes  that  occur  in  a  vascular  tissue  when  it 
becomes  the  seat  of  inflammation  as  the  result  of  the  action  of 
an  irritant  may  be  examined  in  the  living  animal.  Though  the 
frog  is  most  commonly  used  for  the  experiment,  it  has  been 
shown  that  the  changes  observed  in  the  frog  are  true  also  for 
warm-blooded  animals  such  as  the  dog  and  the  rabbit.  With 
regard  to  the  changes  that  are  seen  in  the  frog  in  inflammation, 
the  description  given  by  Cohnheim  is  so  vivid  that  it  will  be 
reproduced  here  verbatim.  In  whatever  way  it  may  be  necessary 
to  differ  in  the  interpretation  of  the  results  from  Cohnheim, 
there  can  be  no  hesitation  in  accepting  the  description  that  he 
gives  of  the  changes  observed  as  perfect.  Cohnheim  writes  as 
follows1 : — 

1  English  translation,  pp.  247-253. 
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"  You  need  only  expose  the  vessels  of  a  part  to  the  air  by 
removing  its  protective  coverings  ;  when,  if  you  have  selected 
a  transparent  tissue,  there  is  nothing  to  hinder  microscopic 
examination.  The  simplest  method  is  to  draw  out  the  intestine 
of  a  curarised  frog  through  a  laterally  placed  opening  in  the 
abdominal  wall,  and  to  bring  the  mesentery  under  the  micro- 
scope, after  having  carefully  spread  it  out  on  a  slide  adapted 
for  the  purpose.  Or  you  may  wound  the  papillary  surface  of 
the  frog's  tongue  by  removing  the  papillae  with  a  cut  of  the 
scissors,  carried  parallel  to  the  surface  ;  a  number  of  larger  and 
smaller  vessels  will  thus  be  exposed  in  the  base  of  the  wound. 
No  further  violence  should  be  used  after  this  ;  on  the  contrary, 
the  more  carefully  you  protect  the  preparation  from  all  disturb- 
ing accidents,  as  contamination  by  blood,  stretching,  or  loss  of 
moisture,  the  more  regularly  will  a  succession  of  appearances 
be  developed  which  are  well  calculated  to  fully  engross  your 
attention. 

"  The  first  thing  you  notice  in  the  exposed  vessels  is  a  dilata- 
tion, which  occurs  chiefly  in  the  arteries,  then  in  the  veins,  and 
least  of  all  in  the  capillaries.  With  the  dilatation  which  is 
gradually  developed,  but  which  during  the  space  of  fifteen  to 
twenty  minutes  has  usually  attained  considerable  proportions 
(often  exceeding  twice  the  original  diameter),  there  immediately 
sets  in  in  the  mesentery  an  acceleration  of  the  blood-stream,  most 
striking  again  in  the  arteries,  but  very  apparent  in  the  veins 
and  capillaries  also.  Yet  this  acceleration  never  lasts  long ; 
after  half  an  hour  or  an  hour,  or  sometimes  after  a  shorter 
or  a  longer  interval,  it  invariably  gives  place  to  a  decided  re- 
tardation, the  velocity  of  the  stream  falling  more  or  less  below 
the  normal  standard,  and  so  continuing  as  long  as  the  vessels 
occupy  their  exposed  situation.  Such  is  the  course  of  events  in 
the  mesentery  experiment,  in  which  not  only  the  vessels  of  the 
mesentery  but  their  terminal  ramifications  in  the  intestine  are 
laid  bare.  In  the  wound  of  the  tongue,  on  the  other  hand,  the 
acceleration  is  often  altogether  absent ;  and  from  the  first  there 
is  associated  with  the  dilatation  a  retardation  of  the  stream,  which 
increases  as  the  dilatation  increases.    This  is  the  case,  at  least, 
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when  a  number  of  larger  branches  are  exposed  in  the  wound 
but  not  their  finer  ramifications.  Should  the  latter  also  be 
laid  bare,  a  temporary  acceleration  precedes  the  slowing  of  the 
blood-stream,  which  never  fails  finally  to  set  in  in  the  exposed 

vessels. 

"  This  stage  having  been  reached,  the  vessels  are  seen  to  be  all 
of  them  very  wide ;  a  multitude  of  capillaries  which  were  formerly 
hardly  perceptible  can  now  be  clearly  distinguished ;  pulsation 
is  unusually  conspicuous  on  into  the  finest  ramifications  of  the 
arteries  ;  while  the  flow  is  everywhere  slower  than  normal,  so 
that  the  individual  corpuscles  may  easily  be  recognised  not  only 
in  the  capillaries  but  also  in  the  veins,  and  during  diastole  even 
in  the  arteries.  In  consequence  of  the  tardy  forward  move- 
ment, the  corpuscles  accumulate  in  large  numbers  in  the  capil- 
laries, so  that  the  latter  appear  redder  than  usual,  and  there- 
fore fuller,  more  voluminous  ;  yet  their  cross-section,  as  just 
stated,  is  only  very  inconsiderably  enlarged.  But  it  is  the 
veins  rather  than  the  capillaries  that  attract  the  notice  of  the 
observer ;  for  slowly  and  gradually  there  is  developed  in  them 
an  extremely  characteristic  condition ;  the  originally  plasmatic 
zone  becomes  filled  with  innumerable  colourless  corpuscles.  The 
plasmatic  zone  of  the  veins,  you  will  remember,  is  always 
occupied  by  scattered  colourless  blood-corpuscles,  which,  owing 
to  their  globular  form  and  low  specific  gravity,  are  driven  into 
the  periphery  of  the  stream,  and  whose  adhesiveness  makes  it 
difficult  for  them  to  escape  from  the  wall  once  they  have  come 
into  contact  with  it.  It  is  obvious  that  this  difficulty  will  be 
enhanced  in  proportion  to  the  slowness  of  the  blood-stream ; 
and  thus  it  is  not  surprising  that  a  gradual  accumulation  of 
colourless  corpuscles  should  take  place  in  the  peripheral  zone 
and  here  come  to  be  comparatively  motionless.  For  that  a  state 
of  absolute  rest,  an  actual  standstill,  is  out  of  the  question,  I 
need  hardly  mention  expressly ;  the  colourless  cells  of  the 
plasmatic  layer  remain  stationary  at  most  for  a  time,  they 
then  advance  a  little,  and  perhaps  make  another  short  halt, 
and  so  on.  Yet  this  does  not  lessen  the  striking  contrast  pre- 
sented by  the  central  column  of  red  blood-corpuscles  flowing  on 


EMIGRATION  OF  LEUCOCYTES. 


261 


in  an  uninterrupted  stream  of  uniform  velocity  and  the  peri- 
pheral layer  of  resting  colourless  cells  ;  the  internal  surface  of 
the  vein  appears  paved  with  a  single  but  unbroken  layer  of 
colourless  corpuscles  without  the  interposition  at  any  time  of 
a  single  red  one.  It  is  the  separation  of  the  white  from  the  red 
corpuscles  that  gives  the  venous  stream  in  these  cases  that  char- 
acteristic appearance,  anything  analogous  to  which  you  will  look 
for  in  vain  in  the  other  vessels.  For  in  the  capillaries,  although 
large  numbers  of  colourless  blood-corpuscles  adhere  to  the  walls, 
there  is  always  an  admixture  of  red  cells,  or  rather  these  are 
very  decidedly  in  the  majority.  Lastly,  in  the  arteries  there  is 
seen  during  diastole,  almost  at  the  moment  of  exit  of  the  wave, 
a  number  of  colourless  corpuscles  rolling  straight  towards  the 
periphery ;  yet  these  are  always  swept  into  the  stream  at  the 
next  systole,  so  that  the  development  of  a  resting  peripheral 
layer  is  here  altogether  out  of  the  question. 

"  But  the  eye  of  the  observer  hardly  has  time  to  catch  all  the 
details  of  the  picture  before  it  is  fettered  by  a  very  unexpected 
occurrence.  Usually  it  is  a  vein  with  the  typical  peripheral 
arrangement  of  the  white  corpuscles,  but  sometimes  a  capillary, 
that  first  displays  the  phenomenon.  A  pointed  projection  is 
seen  on  the  external  contour  of  the  vessel  wall ;  it  pushes  itself 
further  outwards,  increases  in  thickness,  and  the  pointed  pro- 
jection is  transformed  into  a  colourless  rounded  hump  ;  this 
grows  longer  and  thicker,  throws  out  fresh  points  and  gradually 
withdraws  itself  from  the  vessel  wall,  with  which  at  last  it 
is  connected  only  by  a  long  thin  pedicle.  Finally  this  also 
detaches  itself,  and  now  there  lies  outside  the  vessel  a  colour- 
less, faintly  glittering,  contractile  corpuscle  with  a  few  short 
processes,  and  one  long  one,  of  the  size  of  a  white  blood-cell, 
and  having  one  or  more  nuclei ;  in  a  word,  a  colourless  blood- 
corpuscle.  While  this  is  taking  place  at  one  spot,  the  same 
process  has  been  carried  on  in  other  portions  of  the  veins  and 
capillaries.  Quite  a  large  number  of  white  blood-cells  have 
betaken  themselves  to  the  exterior  of  the  blood-vessels  and 
these  are  constantly  followed  by  fresh  ones,  whose  place  in  the 
peripheral  layer  is  immediately  occupied  by  others.    Like  every 
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stage  of  the  entire  process  on  from  the  moment  of  exposure, 
these  phenomena  may  develop  either  rapidly  or  slowly;  at  one 
time  the  earliest  emigration  very  quickly  succeeds  the  pave- 
menting ;  at  another,  an  hour  or  more  may  pass  without  any- 
thing happening  to  draw  attention  to  the  contour  of  a  single 
vein  or  capillary.  In  any  case  the  final  result  after  six  or 
eight  or  more  hours  have  elapsed  will  be  the  enclosure  of  all 
the  veins,  small  and  large,  of  the  mesentery  or  wound  of  the 
tongue  with  several  layers  of  colourless  corpuscles.  These  fence 
in  the  veins,  in  the  interior  of  which  the  previously  described 
conditions  continue,  namely,  the  peripheral  arrangement  of  the 
colourless  cells  and  the  central  unbroken  flow  of  red  blood- 
corpuscles.  Nothing  analogous  has  occurred  in  connection  with 
tfhe  arteries,  their  contour  has  remained  smooth  as  before,  nor  can 
a  solitary  corpuscle,  red  or  white,  be  discovered  on  their  outer 
surface,  except,  of  course,  such  as  may  have  reached  them  from 
the  neighbouring  veins.  On  the  other  hand,  the  capillaries 
take,  as  already  mentioned,  a  very  active  part  in  the  process, 
yet  these  and  the  capillary  veins  differ  remarkably  from  the 
veins  proper  in  that  not  merely  colourless  but  red  corpuscles 
emigrate  from  them.  The  result  is  completely  in  harmony 
with  the  condition  of  the  stream  in  these  vessels,  for  I  have 
already  called  your  attention  to  the  fact  that  in  the  veins  only 
white  corpuscles,  in  the  capillaries  both  varieties,  are  in  contact 
with  the  vessel  wall,  so  that  whether  a  preponderance  of  white 
or  of  red  corpuscles  passes  out  of  a  given  capillary  depends 
solely  on  the  numerical  relations  of  the  cells  accumulated  in  its 
interior. 

"  Keeping  pace  with  this  exodus,  emigration,  or,  as  it  is  also 
called,  extravasation,  of  corpuscular  elements,  there  occurs  an 
increased  transudation  of  fluid,  in  consequence  of  which  the 
meshes  of  the  mesentery  or  the  tissues  of  the  tongue  are  infil- 
trated and  swell.  But  this  is  not  all.  The  extravasated  colour- 
less corpuscles  distribute  themselves,  in  proportion  as  their 
numbers  increase,  over  a  larger  area,  forsaking  the  neighbour- 
hood of  the  vessels  from  which  they  were  derived.  The  tissues 
become  more  and  more  densely  packed  with  them,  while  the 
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red  cells,  which  have  not  the  power  of  independent  locomotion, 
remain  seated  in  the  vicinity  of  their  capillaries,  yet  these  also 
may  be  carried  off  by  the  stream  of  transudation.  Soon  a 
moment  must  arrive  when  the  products  of  exudation  and 
transudation  can  no  longer  be  accommodated  in  the  tissues. 
They  now  gain  the  free  surface  of  the  mesentery,  and  should 
the  transuded  fluid  coagulate,  as  is  the  rule  here,  the  final 
result  of  the  processes  just  described  will  be  the  deposition  on  the 
mesentery,  as  well  as  on  the  intestine,  of  a  fibrinous  pseudo- 
membrane  densely  packed  vjith  colourless  blood-corpuscles,  and 
interspersed  with  isolated  red  cells. 

"  The  appearances  are  essentially  the  same  after  painting  the 
smooth  surface  of  the  frog's  tongue  with  croton  oil.  Of  course 
it  is  absolutely  necessary  to  employ  the  croton  oil  in  extreme 
dilution — about  one  part  to  forty  or  fifty  of  olive  oil — and  even 
then  to  allow  the  mixture  to  act  only  a  very  short  time.  For 
if  you  do  not  soon  wipe  off  the  oil,  or,  still  more,  if  you  make 
use  of  a  concentrated  solution,  you  at  once  get  an  intense 
corrosive  action,  as  evidenced  by  the  formation  of  thrombi  in 
the  larger  vessels,  and  the  occurrence  of  complete  stasis  in  some 
of  the  capillaries,  more  especially  the  superficial  ones.  The 
weak  solution,  on  the  other  hand,  provokes  an  enormous  dilata- 
tion of  all  the  vessels,  which  at  first  is  accompanied  by  a  very 
great  acceleration  of  the  blood-stream.  After  a  time,  however, 
the  velocity  commences  to  diminish  in  the  dilated  vessels,  and 
is  converted  into  a  pronounced  retardation  of  the  entire  circula- 
tion through  the  tongue.  With  the  retardation  there  is  simul- 
taneously developed  the  peripheral  arrangement  of  the  colour- 
less blood-corpuscles  in  the  veins,  and  the  accumulation  of 
blood-corpuscles  in  the  capillaries,  which  is  so  extreme  as  to 
result  in  the  actual  stagnation  of  the  red  cells  in  such  of  the 
latter  as  are  superficially  situated.  And  now  it  will  not  be  long 
before  extravasation  from  some  of  the  capillaries  and  veins 
begins.  As  might  be  expected,  the  veins  supply  only  colourless 
corpuscles;  the  capillaries,  whose  blood  is  becoming  stagnant, 
almost  exclusively  red,  while  from  those  capillaries  in  which  the 
flow,  though  retarded,  is  still  sustained,  coloured  and  uncoloured 
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cells  pass  out  together,  at  one  point  more  colourless,  at  another 
more  red,  and  these  may  even  collect  into  small  clumps  outside 
the  vessels.  At  the  same  time  the  swelling  of  the  tongue  in- 
creases, it  becomes  intensely  reddened ;  a  number  of  small  puncti- 
form  haemorrhages  are  already  apparent  even  to  the  naked  eye, 
while  microscopic  examination  reveals  a  no  less  dense  accumula- 
tion of  colourless  corpuscles  throughout  its  tissues. 

"  The  development  of  this  process  is  still  more  evident  and 
more  easily  observable  when  only  a  portion  of  the  tongue  and 
not  the  entire  organ  is  corroded.    The  action  of  the  caustic 
shades  off  and  becomes  gradually  feebler  towards  the  periphery, 
so  that,  by  passing  from  the  circumference  to  the  centre  of  the 
injured  part,  one  has  an  opportunity  of  examining  side  by  side 
the  whole  of  the  processes  which  otherwise  are  observed  to 
develop  in  succession.    On  microscopic  examination  of  the  frog's 
tongue,  a  circumscribed  portion  of  which  has  been  touched  with 
nitrate  of  silver  or  other  caustic  on  the  previous  day,  you  will 
find  the  vicinity  of  the  part  to  which  the  caustic  has  been 
applied  swollen,  and  presenting  a  number  of  almost  concentric 
zones.    At  the  periphery  you  come  upon  a  perfectly  normal 
circulation,  then  upon  a  zone  of  dilated  vessels,  in  which  the 
flow  is  retarded,  but  whose  contour  is  smooth ;  next  upon 
another  zone  of  dilated  vessels  from  which  abundant  extravasa- 
tion is  taking  place — an  extravasation,  as  invariably  happens, 
of  colourless  blood-corpuscles  from  the  capillaries  and  veins,  and 
of  red  cells  from  the  capillaries.    Then  follows  still  another 
zone  in  which  the  flow  is  excessively  retarded  and  the  capil- 
laries densely  packed  with  red  corpuscles  almost  at  rest :  it  is 
here  that  you  meet  with  the  most  copious  diapedesis  of  red 
corpuscles.    To  this  succeeds,  further  inwards,  and  immediately 
surrounding  the  eschar,  a  zone  of  absolute  stasis,  in  which  the 
blood-vessels  are  mortified  and  their  blood  coagulated,  and  as  a 
result,  of  course,  all  extravasation  is  here  at  an  end.    The  last 
the  central  point  of  the  entire  series,  is  obviously  the  eschar." 

We  may  then  say  that  the  changes  seen  in  the  tissues 
when  they  have  been  exposed  to  the  action  of  an  irritant  are :  I. 
Dilatation  of  vessels  accompanied  by  acceleration  of  blood-flow ; 
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II.  Dilatation  of  vessels  accompanied  by  retardation  of  blood- 
flow  ;  III.  Exudation ;  IV.  Migration  of  leucocytes  and  diapedesis 
of  red  blood-corpuscles,  though  the  latter  is  not  invariable. 
These  must  be  considered  a  little  more  in  detail,  but  since  the 
changes  in  the  blood-vessels  and  in  the  flow  of  blood  and  the 
exudation  have  already  been  discussed  at  length  in  previous 
chapters,  they  will  call  for  fewer  remarks  than  migration  and 
certain  processes  connected  therewith. 

II.  The  Dilatation  of  Blood-Vessels. — It  is  obvious  that 
the  dilatation  of  blood-vessels  which  occurs  in  inflammation 
must  be  directly  connected  with  the  cardinal  sign  of  redness. 
A  part  which  is  inflamed  is  fuller  of  blood  than  it  is  when 
normal.  That  profuse  haemorrhage  follows  when  an  incision  is 
made  into  an  inflamed  area  has  long  been  known  to  surgeons, 
and  Cohnheim  showed  that  the  amount  of  blood  which  may  be 
obtained  in  a  given  time  from  a  vein  in  a  severely  inflamed 
limb  of  a  dog  is  about  double  that  obtained  from  the  corre- 
sponding vein  in  the  fellow  limb.  Nevertheless,  in  very  severe 
cases,  and  especially  after  the  inflammation  has  been  some  time 
in  existence,  the  amount  of  blood  obtained  from  the  injured 
limb  may  be  less  than  that  obtained  from  the  sound  limb.  The 
reason  of  this  lies,  in  part,  in  the  fact  that  when  exudation  and 
migration  are  very  considerable,  and  when  in  addition  marked 
extravasation  of  red  blood-corpuscles  is  present,  the  extra- 
vascular  material  exerts  so  great  a  pressure  upon  the  blood- 
vessels which  it  surrounds,  that  the  flow  of  blood  through  them 
is  impeded.  The  blood  in  an  inflamed  area  is  arterial  in  colour, 
because  the  rapidity  with  which  the  blood  is  renewed  in  the 
neighbourhood  of  a  focus  of  inflammation  does  not  allow  of  so 
great  a  reduction  of  the  oxyhaemoglobin  as  normal ;  even  in  the 
veins  the  blood  may  be  quite  red.  But  this  is  not  always  the 
case,  for  if  inflammation  occur  in  a  part  which  is  the  seat  of 
venous  congestion,  e.g.,  in  the  formation  of  a  so-called  varicose 
ulcer,  the  parts  surrounding  the  ulcer  are  commonly  purple 
and  not  red. 

As  to  the  method  whereby  the  dilatation  of  the  arteries  is 
brought  about,  it  is  impossible  to  speak  with  certainty,  but  the 


266 


THE  PATHOLOGY  OF  INFLAMMATION. 


fact  that  the  dilatation  is  accompanied  by  increased  outflow  of 
lymph  seems  to  indicate  that  we  have  to  deal  with  an  active 
hyperemia.  It  is  certain  that  the  condition  is  not  due  simply 
to  vaso-motor  paralysis,  for  when  inflammation  occurs  in  a  part 
the  vaso-motor  nerves  of  which  are  cut,  the  blood-vessels  under- 
go a  further  dilatation.  Possibly  the  irritant  may  act  in  an 
inhibitory  manner  on  the  local  mechanism  in  the  walls  of  the 
smaller  arteries.  Nothing  is  known  as  to  the  part  played  by 
the  veins  and  the  capillaries  in  reference  to  the  hyperemia. 
They  are  fuller  of  blood  than  normal,  and  the  flow  through 
them  is  increased  in  rapidity — at  all  events  at  first.  No  doubt 
this  is  due  to  passive  distension  succeeding  on  the  arterial  dilata- 
tion, but  whether  the  arterial  dilatation  is  the  sole  cause,  or 
whether  it  is  aided  by  an  active  dilatation  of  the  capillaries  and 
of  the  veins,  it  is  impossible  to  say. 

In  the  later  stages  of  the  dilatation,  when  acceleration  of  the 
stream  gives  place  to  retardation,  the  matter  is  different,  for 
then  it  can  be  recognised  that  some  alteration  has  taken  place 
— physical  or  vital — in  the  walls  of  the  capillaries  or  veins. 
This  change,  however,  is  of  a  nature  which  we  cannot  recognise 
by  any  microscopical  changes  in  the  endothelial  cells  short  of 
actual  rupture ;  it  is  indicated  by  the  increased  flow  of  concen- 
trated lymph,  and  by  the  migration  of  leucocytes  and  diapedesis 
of  red  blood-corpuscles  which  are  found  to  take  place.  These 
changes  are  very  important,  indeed  Cohnheim  regarded  them 
as  being  the  essential  feature  of  inflammation.  He  considered 
that  the  retardation  of  blood-flow  which  occurs  after  the  lapse 
of  a  certain  time  in  the  immediate  neighbourhood  of  a  focus  of 
inflammation  is  certainly  due  to  change  in  the  vessel  wall,  and 
not  to  any  change  in  the  constitution  of  the  blood.  For  if  milk 
be  substituted  for  blood  as  the  circulating  fluid,  the  phenomena 
are,  mutatis  mutandis,  exactly  the  same,  and  the  passage  of  fat 
globules  is  impeded  in  the  vessels  at  the  seat  of  inflammation 
no  less  than  was  previously  the  passage  of  corpuscles.  Accord- 
ing to  Cohnheim,  the  blood-vessel  wall  becomes  altered  in  that 
it  becomes  more  adhesive  than  normal. 

It  is,  at  least,  possible  that  a  change  in  the  vessel  wall  is  the 
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distal  and  not  the  proximate  cause  of  retardation.  It  would 
seem  that  the  margination  of  the  leucocytes  by  narrowing  the 
lumen  of  the  vessels,  and  that  the  exuded  fluid  by  the  pressure 
which  it  exerts  outside  the  vessels,  and  by  the  greatly  increased 
local  specific  gravity  of  the  blood  which  exudation  produces 
within  the  vessel  walls,  are  factors  that  must  oppose  an  obstacle 
to  the  blood-flow.  And  this  without  bringing  into  the  question 
the  pressure  that  must  be  exerted  by  the  numbers  of  migrated 
leucocytes.  It  hardly  seems  necessary  to  presuppose  an  in- 
creased adhesiveness  of  the  vessel  wall.  It  is  obvious,  too,  that 
a  substitution  of  milk  for  blood  does  not  finally  dispose  of  the 
question.  For  if  the  blood-vessel  walls  are  in  a  condition  in 
which  they  put  forth  more  lymph  than  normal  from  blood, 
there  is  no  inherent  reason  why  they  should  not  put  forth  whey 
from  the  milk  which  is  Within  them.  Further,  even  if  it  be 
granted  that  the  vessel  walls  are  more  adhesive  than  normal, 
there  is  no  doubt  that  this  is  not  directly  due  to  the  action  of 
the  irritant.  Some  time  elapses  before  retardation  of  the  blood- 
flow  sets  in,  and  it  might  rather  be  assumed  that  the  direct 
action  of  the  irritant  showed  itself  in  the  arterial  dilatation 
with  acceleration  of  blood-flow.  As  a  matter  of  fact,  however, 
even  this  conclusion  would  be  incorrect,  since,  if  great  care  be 
taken,  it  can  be  seen  that  the  direct  action  of  the  irritant  upon 
the  vessel  walls  shows  itself  in  a  passing  constriction,  during 
which,  of  course,  the  blood-flow  is  diminished  in  quantity  and  in 
velocity. 

III.  The  Exudation. — We  have  already  entered  at  length 
into  the  pathology  of  oedema,  and  have  found  that  inflammatory 
oedema  must  be  regarded  as  dependent  upon  an  increased  need 
of  the  tissues  for  nutrition.  Inflammatory  exudation  from  the 
blood-vessels  will  therefore  detain  us  no  longer  from  that  aspect, 
but  it  is  necessary  to  point  out  that  the  amount  of  exudation 
is  to  a  large  extent  dependent  upon  the  mechanical  conditions 
obtaining  in  the  part  that  is  the  seat  of  inflammation.  The 
amount  of  hyperemia  being  also  dependent  upon  the  same 
conditions,  they  may  be  considered  together. 

(i.)  The  Effect  of  Mechanical  Conditions  exemplified 
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by  Inflammation  of  (a)  Bone. — When  a  bone  becomes  in- 
flamed the  available  space  in  the  Haversian  canals  which 
contain  the  blood-vessels  is  so  small,  and  the  walls  of  the  canals 
are  so  rigid,  that  neither  dilatation  of  blood-vessels  nor  exuda- 
tion of  fluid  can  take  place  to  any  extent.  The  bone  shows  no 
swelling,  and  redness,  if  present,  is  very  slight.  Of  course  this 
is  not  the  case  when  the  periosteum  itself  is  inflamed.  Then 
considerable  swelling  and  redness  may  be  present,  but  these 
two  cardinal  signs  involve  the  periosteum  and  not  the  bone 
proper.  Apart  from  periosteal  changes,  it  would  be  almost 
impossible  to  determine  whether  a  bone  is  inflamed  or  no. 
Nevertheless,  there  is  an  increased  output  of  fluid  from  the 
blood-vessels  in  the  Haversian  canals,  and  it  is  the  pressure 
which  this  fluid  exerts  that  is  the  chief  cause  of  the  great  pain 
associated  with  inflammation  of  bone.  Moreover,  the  exudation 
may  act  in  another  way  besides  causing  pain ;  by  the  obstacle 
which  it  presents  to  the  blood-flow  the  circulation  in  the  bone 
may  be  cut  off  to  such  an  extent  that  a  portion  of  the  bone  dies 
from  lack  of  nutrition.  Such  a  termination  of  inflammation  of 
bone  is  by  no  means  uncommon. 

(b)  Lung. — In  the  case  of  the  lung,  on  the  other  hand,  the 
conditions  are  as  nearly  as  possible  the  exact  converse.  Here 
practically  no  impediment  is  placed  in  the  way  of  exudation. 
The  pneumonic  inflammation  caused  by  Frankel's  pneumococcus 
leads  to  so  excessive  an  amount  of  coagulative  exudation  that  a 
whole  lobe,  or  even  a  whole  lung,  rapidly  becomes  converted  into 
a  solid  mass,  so  dense  that  the  condition  is,  not  inappropriately, 
known  as  "  hepatisation."  But  the  exudation  exerts  little  or  no 
pressure  upon  the  blood-vessels  of  the  lungs,  and  hence  the  lung 
in  this  condition  is  intensely  congested,  while,  as  a  further  result 
of  the  same  relative  absence  of  pressure,  gangrene  of  the  lung 
following  on  a  simple  pneumonia  is  of  extremely  rare  occurrence. 
Nevertheless,  in  persons  whose  vitality  is  greatly  lowered,  as 
for  example  in  chronic  drunkards,  even  the  small  increase  of 
pressure  exerted  by  the  pneumonic  exudation  is  sufficient  to 
produce  gangrene  of  the  lung. 

(c)  Hand. — The  hand  is  an  example  of  a  part  where  both 
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conditions  may  be  seen.  An  inflammation,  otherwise  of  the 
same  intensity,  occurring  in  the  dense  tissues  of  the  palmar 
surface,  is  accompanied  by  far  less  hyperemia  and  swelling,  far 
more  pain,  than  an  inflammation  on  the  dorsal  surface.  Other 
examples  of  similar  conditions  can  readily  be  called  to  mind. 

(ii.)  Characters  of  Exudation  :  "  False  Membranes," 
Croupous  and  Diphtheritic  Inflammation. — The  charac- 
ters of  inflammatory  exudations  vary  considerably.  This  is 
not  so  much,  however,  because  the  exudation  fluid  itself  varies 
greatly  in  composition,  as  because  of  the  variation  in  the 
number  and  kind  of  the  formed  elements  which  are  suspended 
in  the  fluid.  It  has  already  been  said  (p.  215)  that  inflammatory 
exudation  is  highly  albuminous  and  that  it  therefore  has  a  high 
specific  gravity.  It  is  commonly  auto-coagulable,  and  this  no 
doubt  depends  in  part  upon  the  large  numbers  of  leucocytes 
present.  When  it  does  not  coagulate,  this  may  depend  upon 
the  presence  of  some  substance  {e.g.,  albumoses)  which  restrains 
coagulation,  or  may  depend  upon  the  fact  that  after  coagulation 
the  fibrin  has  become  dissolved  by  the  action  of  some  proteolytic 
ferment.  A  good  example  of  the  latter  process  is  seen  in  the 
resolution  of  croupous  pneumonia,  to  which  reference  will  be 
made  later.    This  process  is  probably  of  common  occurrence. 

When  an  exudation  coagulates  it  is  known  as  sero-fibrinous  or 
fibrinous.  A  fibrinous  exudation  from  blood-vessels  which  lie 
beneath  a  free  surface — especially  if  the  surface  be  a  mucous  mem- 
brane— has  different  characters  in  different  cases.  In  one  case  the 
exudation  may  yield  a  membrane  such  as  was  described  on  p.  263. 
It  can  then  be  easily  stripped  off  the  tissue  on  which  it  lies ;  it 
removes  along  with  it  none  of  the  subjacent  mucous  membrane, 
excepting  perhaps  small  agglomerations  of  epithelial  cells  ;  it 
does  not,  therefore,  leave  a  bleeding  surface ;  it  shows  little  or 
no  tendency  to  re-formation  once  it  has  been  removed.  In 
another  case  the  membranous  appearance  of  the  fibrinous 
material  may  be  but  little  different,  and  yet  it  is  stripped 
off  the  mucous  surface  with  difficulty,  leaves  a  bleeding 
surface  beneath,  and  forms  again  after  removal  with  great 
readiness.    Histological  examination  shows  that  in  the  first 
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case  the  fluid  which  has  exuded  from  the  subjacent  blood- 
vessels has  reached  the  surface  before  coagulation  has  set  in, 
and  that  in  the  second  case  coagulation  has  taken  place  while 
the  fluid  was  still  lying  between  the  cells  and  connective  tissue 
which  cover  the  inflamed  blood-vessels.  In  accordance  with  the 
observation  that  coagulation  of  a  coagulable  fluid  takes  place 
more  readily  where  the  tissues  with  which  the  fluid  is  in  contact 
are  dead,  it  is  found  that  where  the  coagulation  takes  place 
between  the  cells  and  connective  tissue  fibres  of  the  mucous 
membrane,  these  cells  and  connective  tissue  fibres  are  dead. 
As  a  matter  of  fact  they  have  undergone  the  change,  to  which 
we  shall  have  to  return  later,  known  as  coagulative  necrosis. 
These  differences  in  character  of  the  membranes  depend  entirely 
upon  the  degree  of  severity  with  which  the  irritant  that  causes 
inflammation  acts  upon  the  tissues.  Where  the  strands  of 
fibrin  intersect  the  proper  elements  of  the  tissues,  the  irritant 
is  more  severe ;  where  the  strands  of  fibrin  are  superficial  the 
irritant  is  less  severe.  In  both  varieties  of  membrane,  leuco- 
cytes are  enclosed  between  the  meshes  of  the  fibrin  network, 
but  in  the  interstitial  variety  the  leucocytes  are  more  numerous, 
and  commonly  there  are  also  present  larger  or  smaller  numbers 
of  extravasated  red  blood-corpuscles. 

Now  in  the  neighbourhood  of  the  pharynx  and  larynx  two 
classes  of  case  have  long  been  known  in  which  inflammation  is 
accompanied  by  the  formation  of  a  membrane.  In  the  one — 
croup — the  membrane  is  superficial,  in  the  other — diphtheria — 
the  membrane  is  interstitial  From  this  fact  an  inflammation 
which  leads  to  the  formation  of  a  superficial  membrane  was 
termed  "  croupous,"  that  which  leads  to  the  formation  of  an 
interstitial  membrane  was  termed  "  diphtheritic."  The  mem- 
branes themselves  were  known  as  "  false  membranes "  or 
"  pseudo-membranes."  At  a  time  when  the  existence  of  the 
diphtheria  bacillus  was  not  known,  these  differences  in  characters 
of  the  membranes  were  of  great  diagnostic  significance,  since 
it  was  found  that  those  cases  in  which  an  interstitial  "false 
membrane"  is  formed  run  a  different  course,  and  (apart  from 
treatment)  are  attended  by  a  far  higher  mortality  than  those 
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in  which  a  superficial  "false  membrane"  is  formed.  At  the 
present  time,  though  some  attention  is  paid  to  the  characters 
of  the  membrane,  it  is  known  that  they  are  frequently  mislead- 
ing, and  in  the  diagnosis  of  diphtheria,  stress  is  laid  almost 
entirely  upon  the  presence  or  absence  of  the  specific  bacillus  of 
diphtheria. 

So-called  diphtheritic  membranes  are  also  found  on  the  mucous 
membrane  of  the  stomach,  intestines,  etc.,  and  on  wounds.  In 
this  country  the  tendency  is  to  reserve  the  name  "  diphtheritic  " 
for  membranes  occurring  in  cases  in  which  the  clinical  signs 
of  diphtheria,  or,  at  the  present  day,  diphtheria  bacilli,  are 
present,  but  on  the  Continent,  and  particularly  in  Germany,  the 
histological  features  of  the  membrane  determine  the  use  of  the 
word  "  diphtheritic "  with  the  disadvantage  that  a  wound  may 
be  said  to  be  covered  with  a  "  diphtheritic  membrane  "  when  it 
has  no  association  whatever  with  the  disease  caused  by  the 
diphtheria  bacillus.  It  would  simplify  matters  greatly  if  the 
terms  "  croupous  "  and  "  diphtheritic  "  were  entirely  discarded, 
and  the  characters  of  the  "  membrane  "  were  distinguished  in 
some  other  way. 

Before  leaving  the  fibrinous  exudations  it  is  necessary  to 
state  that  the  explanation  given  above  as  to  the  mode  of  forma- 
tion of  superficial  or  " false"  membranes  is  not  universally 
accepted.  For  example,  in  the  case  of  the  layer  of  fibrin 
which  covers  the  lung  in  acute  pleurisy,  Neumann,  following 
Grawitz  and  Schleiffarth,  maintains  that  it  is  formed  largely 
by  a  "  fibrinoid "  degeneration  of  the  connective  tissue  lying 
immediately  beneath  the  endothelial  cells  of  the  pleura.  He 
points  out  that  if  the  false  membrane  were  formed  by  a  deposition 
of  fibrin  from  the  inflammatory  exudation  upon  the  uninjured 
endothelium  of  the  pleura,  as  is  usually  assumed  to  be  the  case, 
two  conditions  necessarily  follow.  Firstly,  the  endothelial  cells 
should,  in  microscopic  sections,  be  found  to  form  an  uninter- 
rupted layer  heneath  the  fibrin;  secondly,  in  microscopic 
section  the  under  surface  of  the  layer  of  fibrin  should  form 
a  regular  line  not  dipping  down  into  the  lung  tissue.  With 
regard  to  the  first  point,  Neumann  maintains  that  microscopical 
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examination  of  the  surface  of  a  false  membrane  shows  that 
endothelial  cells  form  a  fairly  complete  covering  for  the  false 
membrane;  in  other  words,  it  shows  that  the  membrane  is 
formed  beneath  the  layer  of  endothelial  cells  and  not  deposited 
upon  it.1  With  regard  to  the  second  point,  he  finds  that  sec- 
tions taken  at  right  angles  to  the  surface  of  the  membrane 
show  that  the  under  surface  of  the  membrane  is  not  regular 
but  highly  irregular.  He  therefore  rejects  the  view  that  such 
membranes  are  wholly  formed  by  deposition  of  fibrin  from 
the  inflammatory  exudation.  This  explanation,  however,  is 
not  accepted  by  such  competent  observers  as  Ziegler,  Orth, 
Marchand,  and  others. 

The  colour  of  inflammatory  exudations  varies  in  different 
cases.  In  an  inflammation  of  moderate  severity  the  fluid  is 
commonly  straw-coloured,  and  owing  to  the  poorness  in  cells  it 
is  clear  or  but  faintly  opalescent.  Where  the  severity  is 
greater,  the  number  of  migrated  leucocytes  is  commonly 
sufficient  to  cause  the  fluid  to  become  definitely  turbid,  or  to 
constitute  pus.  We  shall  not  discuss  purulent  exudations  here, 
as  it  will  be  necessary  to  consider  pus-formation  in  detail  later. 
When  the  inflammation  leads  to  more  than  a  minimal  diapedesis 
of  red  blood-corpuscles,  the  exudation,  of  course,  takes  a  more  or 
less  red  colour  according  to  the  number  of  red  corpuscles  present. 
In  the  same  way,  when  in  jaundice,  bile  pigments  are  circulat- 
ing in  the  blood,  the  inflammatory  exudation,  like  non-inflam- 
matory exudations,  is  of  a  greenish  hue.  When  any  abnormal 
soluble  substance,  such  as  a  urate  of  soda  in  patients  suffering 
from  gout,  is  circulating  in  the  blood,  it  is  also  found  in  inflam- 
matory exudations.  Crystals  of  bi-urate  of  soda  are  frequently 
obtained  by  passing  a  thread  through  a  blister  raised  for  the 
purpose  on  a  gouty  person :  this  procedure,  however,  is  not 
always  devoid  of  risk  for  the  patient. 

(iii.)  Meaning  of  the  Exudation  for  the  Economy.— 
Though  the  exuded  fluid  in  inflammation,  as  we  have  already 

1  This  cannot  be  recognised  if,  as  is  usual,  sections  are  cut  perpendicular  to  the 
surface  of  the  false  membrane,  since  the  endothelial  cells  do  not  form  a  perfect 
layer  over  the  false  membrane  (Neumann). 
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seen,  must  be  regarded  as  primarily  directed  to  the  supply  of 
nutriment  to  the  devitalised  tissues,  it  is  also  of  use  in  diluting 
any  poison,  bacterial  or  non-bacterial,  that  may  be  present  at 
the  seat  of  inflammation,  and,  as  in  the  case  of  pericarditis,  in 
separating  two  mutually  irritating  surfaces  from  one  another. 
The  exudation  is  further  in  a  large  number  of  cases  beneficial  to 
the  economy  in  that  it  frequently  possesses  marked  bactericidal 
properties ;  to  these  reference  will  be  made  later. 

But  it  is  not  to  be  expected  that  no  disadvantages  should  arise 
from  the  outpouring  of  excessive  amounts  of  fluid.  We  have 
already  mentioned  that  the  pain  of  inflammation  may  be  aggra- 
vated by  exudation  in  some  cases,  just  as  in  others  it  may  be 
relieved,  and  that  the  exudation  may  be  the  ultimate  cause  of 
gangrene  or  necrosis  of  the  inflamed  part.  But  beyond  these 
considerations,  the  exudations  generally,  non-inflammatory  as 
well  as  inflammatory,  are  sources  of  danger  to  the  economy  in 
two  ways.  Firstly,  the  distension  of  the  tissues  in  which  the 
exuded  fluid  is  situated,  of  itself  lowers  their  already  diminished 
vitality,  and  renders  them  more  prone  to  succumb  to  small 
injuries.  Thus  the  prick  of  a  needle,  which  in  a  healthy  limb 
would  probably  be  followed  by  no  after-effects  of  consequence, 
if  made  into  the  cedematous  subcutaneous  tissue  of  a  patient 
suffering  from  acute  renal  disease,  is  very  liable  to  be  followed 
by  a  severe  and  spreading  inflammation  of  the  skin  and  sub- 
cutaneous tissue.  Secondly,  the  exuded  fluid  is  often  an  ex- 
tremely good  culture-medium  for  many  kinds  of  micro-organism. 
After  abdominal  operations,  for  example,  if  careful  asepsis  have 
not  been  observed,  the  exudation  poured  out  into  the  abdominal 
cavity  as  the  result  of  the  operation  is  liable  to  afford  a  medium 
in  which  putrefactive  and  other  micro-organisms  readily  grow. 
The  motive  of  exudation  is  the  benefit  of  the  tissues,  but  benefit 
to  the  tissues  is  not  always  the  result  of  exudation. 

IV.  The  Cellular  Elements  of  the  Blood  in  a  Region 
of  Inflammation.— (i.)  The  Red  Blood-Corpuscles. — The 
red  blood-corpuscles  do  not  call  for  great  remark.  They  are 
apparently  passive  agents  throughout.  They  are  squeezed 
through  the  altered  vessel  wall  by  the  pressure  of  the  blood. 
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Probably  they  pass  through  definite  holes  in  the  vessel  wall, 
but  whether  these  are  stomata  or  not,  it  is  impossible  to  say. 
They  remain  localised  at  the  spot  where  they  have  been  ex- 
truded, excepting  so  far  as  they  are  carried  away  by  the 
stream  of  exudation.  They  undergo  no  changes  but  degener- 
ative changes,  and,  as  far  as  is  known,  they  subserve  no  pur- 
pose. Their  extravasation  is  perhaps  the  greatest  argument 
for  the  view  that  in  inflammation  the  blood-vessel  walls  are 
damaged,  but  it  is  not  conclusive,  as  it  is  very  common  to  find 
a  large  number  of  red  blood-corpuscles  in  normal  lymph. 

(ii.)  The  Colourless  Corpuscles. — But  the  case  is  different 
with  the  colourless  corpuscles.  They  leave  the  blood-vessels, 
especially  the  small  veins  and  capillaries,  as  do  the  red  blood- 
corpuscles,  but  their  migration  appears  in  the  main  to  be  active 
and  not  passive.  When  they  have  left  the  blood-vessels  they 
do  not  remain  localised  at  one  spot,  but  wander  to  distant  parts, 
travelling  by  their  own  amoeboid  movements,  and  being  carried 
by  the  stream  of  exudation.  They  undergo  changes,  many  of 
which  are  not  degenerative. 

(A)  Conditions  necessary  for  Migration  of  Colourless 
Blood-Corpuscles. — (a)  Vasmlar  Conditions. — For  the  migra- 
tion of  leucocytes  two  conditions  at  least  are  necessary  :  (1)  a 
circulation  of  blood  must  still  be  going  on  through  the  blood- 
vessel from  which  emigration  is  taking  place  ;  (2)  the  leucocytes 
must  be  in  contact  with  the  vessel  wall. 

With  regard  to  the  first  condition,  Cohnheim  showed  that 
migration  of  leucocytes  ceases  when  the  circulation  through  the 
vessel  which  is  the  seat  of  migration  is  stopped.  In  consequence 
of  this  observation  he  discarded  the  older  view  that  migration 
is  active,  and,  adopting  the  view  put  forward  by  Hering,  argued 
that  leucocytes  are  passively  extruded  from  the  vessels  owing 
to  the  blood-pressure  behind  them.  This  view,  however,  was  not 
universally  accepted,  and  at  the  present  time — as  has  already 
been  said — it  is  generally  held  that  leucocytes  leave  the  blood- 
vessels by  virtue  of  their  own  amoeboid  movements,  though  it 
i3  allowed  that  a  circulation  through  the  vessel  is  also  neces- 
sary.   Whether  they  pass  through  stomata,  or  through  endo- 
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thelial  cells,  or  through  the  cement  substance  lying  between 
the  endothelial  cells,  is  a  matter  of  doubt. 

With  regard  to  the  second  condition,  following  Cohnheim, 
most  authors  regard  the  adhesion  of  leucocytes  to  the  vessel 
wall  in  inflammation  as  evidence  of  a  modification  of  the  wall 
whereby  it  becomes  more  adhesive.  But  apart  from  the  facts 
that  retardation  of  the  blood-flow  necessarily  leads  to  the  accu- 
mulation of  a  greater  number  of  the  specifically  lighter  colour- 
less blood -corpuscles  in  the  plasmatic  layer;  that  the  movement 
of  fluid  in  the  plasmatic  layer  is  slower  than  elsewhere  in  the 
blood-stream,  and  therefore  that  when  leucocytes  have  reached 
the  plasmatic  layer,  their  tendency  to  move  forwards  is  greatly 
diminished;  and  that  contact  with  the  vessel  wall  calls  forth 
the  property  of  living  protoplasm  known  as  "  tactile  sensibility," 
facts  which  in  themselves  are  sufficient  explanation  of  the 
margination  of  leucocytes,  there  is  reason  to  believe  that  the 
behaviour  of  the  leucocytes  depends  as  much  (if  not  more)  upon 
changes  induced  in  the  leucocytes  themselves  as  upon  changes 
induced  in  the  blood-vessel  wall.  Durham  has  found  that 
under  certain  conditions  the  leucocytes  in  the  peritoneal  fluid 
tend  to  agglomerate  into  balls  or  to  adhere  closely  to  the 
omentum.  He  regards  these  facts  as  evidence  of  an  increased 
"stickiness"  of  the  leucocytes.  But  whether  the  leucocytes 
become  more  "  sticky  "  or  no,  there  is  evidence  that  the  move- 
ments of  leucocytes  are  influenced  by  the  presence  of  chemical 
substances  in  their  neighbourhood.  This  evidence  must  now 
be  considered. 

(b)  Chemiotaxis. — It  was  noticed  by  Engelmann,  when  in- 
vestigating oxygen  excretion  by  lower  vegetable  organisms,  that 
various  motile  bacteria  can  be  used  as  a  test  for  oxygen,  in  that, 
when  the  organism  under  investigation  excretes  a  bubble  of 
oxygen  in  the  fluid  in  which  it  is  suspended,  the  bacteria  also 
present  in  that  fluid  rapidly  move  towards  the  bubble.  This 
formed  the  basis  of  a  series  of  observations,  made  at  first  only 
by  botanists,  on  the  attractions  between  motile  organisms  and 
various  chemical  substances.  It  was  shown  by  de  Bary  that 
vegetable  plasmodia  placed  on  a  surface  where  there  is  little  or 
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no  nutritive  material  move  towards  nutrient  material  if  that  be 
placed  on  the  surface  at  a  little  distance  from  the  plasmodium. 
Pfeffer  and  others  investigated  the  subject  still  further,  and  it 
was  found  after  examination  of  many  chemical  substances  that 
the  phenomena  may  be  divided  into  three  classes :  (1)  a  class 
in  which  no  movement  of  the  plasmodium  or  other  vegetable 
organism  takes  place;  (2)  a  class  in  which  the  plasmodium 
moves  towards  the  chemical  substance ;  (3)  a  class  in  which  the 
plasmodium  recedes  from  the  chemical  substance.  The  first 
class  does  not  interest  us ;  to  the  phenomena  of  the  second  class 
Pfeffer  gave  the  name  "  positive  chemiotaxis  " ;  to  the  phenomena 
of  the  third  class  he  gave  the  name  "  negative  chemiotaxis." 

The  matter  was  then  taken  up  by  bacteriologists,  and  amongst 
others  by  Gabritchewsky.  Gabritchewsky  saw  that  in  chemio- 
taxis might  lie  the  reason  why  in  inflammation  there  is  an 
agglomeration  of  leucocytes  at  the  focus  of  irritation — or  rather, 
taking  a  broader  view,  he  regarded  his  work  on  chemiotaxis  as 
filling  a  gap  in  Metchnikoff's  phagocytic  theory  of  inflammation 
and  immunity.  He  made  a  series  of  observations,  by  which  he 
showed  that  ten  per  cent,  solutions  of  sodium  and  potassium 
salts,  that  lactic  acid,  quinine,  alcohol,  chloroform,  etc.,  are 
negatively  chemiotactic  to  leucocytes ;  that  sterilised  and  non- 
sterilised  cultures  of  various  pathogenetic  and  non-patho- 
genetic  micro-organisms  are  positively  chemiotactic  to  leuco- 
cytes. Buchner  advanced  the  matter  in  that  he  showed  that 
the  positively  chemiotactic  properties  of  various  bacteria  lie  in 
proteid  substances  that  can  be  separated  from  the  bacteria. 
Goldscheider  and  Jacob  made  carbol-glycerine  extracts  of 
certain  animal  organs  and  found  that  they  also  are  positively 
chemiotactic.  Their  work  was  confirmed  and  extended  by 
Bloch. 

As  to  the  method  whereby  chemiotaxis  is  brought  about,  we 
are  completely  ignorant.  Apparently  the  chemical  substance 
must  be  to  a  certain  extent  soluble,  though  that  solubility  need 
not  be  great,  since  positive  chemiotaxis  occurs  when  particles  of 
sterile  metallic  copper  are  placed  in  the  anterior  chamber  of  the 
eye.    Whether  the  process  is  a  physical  one  and  is  akin  to 
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diffusion  and  osmosis,  or  whether  it  is  vital,  it  is,  at  present, 
impossible  to  say. 

Not  a  few  observers  who  accept  the  existence  of  positive 
chemiotaxis  find  it  difficult  to  accept  the  doctrine  of  negative 
chemiotaxis.  They  admit  that  chemical  substances  may 
definitely  paralyse  the  leucocytes,  and  therefore  that  positive 
chemiotaxis  may  be  absent,  but  that  an  actual  repulsion  of 
leucocytes  can  take  place  they  regard  as  not  conclusively 
proved.  The  mere  fact  that  leucocytes  are  not  found  in  a 
capillary  tube  which  has  been  filled  with  some  chemical  sub- 
stance and  inserted  beneath  the  skin  of  an  animal  or  into  its 
abdominal  cavity,  does  not  even  prove  that  leucocytes  never 
entered  the  tube,  for  they  might  have  entered  and  have  been 
there  dissolved ;  much  less  does  such  an  experiment  prove  that 
leucocytes  receded  from  the  capillary  tube. 

There  is  a  growing  tendency  to  believe  that  the  presence  of 
leucocytes  at  the  seat  of  an  inflammation  depends  upon  processes 
similar  to  those  observed  in  positive  chemiotaxis.  When  it  is 
borne  in  mind  that  bacteria  are  perhaps  the  commonest  cause 
of  inflammation,  and  that  in  every  inflammation,  bacterial  and 
non-bacterial,  there  are  present  at  the  focus  of  inflammation 
greater  or  less  amounts  of  the  products  of  tissue  disorganisa- 
tion, it  must  be  admitted  that  chemiotaxis  forms  a  very  plausible 
hypothesis. 

The  leucocytes  which  leave  the  blood-vessels  in  inflammation 
are  almost  exclusively  of  the  finely  granular  oxyphil  type,  but 
some  of  the  other  varieties  of  haemal  wandering  cell  migrate 
also.  After  leaving  the  vessel  they  all  travel  rapidly  towards 
the  seat  of  irritation  and  are  joined  on  their  way  by  wandering 
cells  of  the  ccelomic  type  derived  from  other  sources.  There  is 
reason  to  believe  also  that  multiplication  of  the  cells  takes  place 
in  some  degree  after  they  have  left  the  blood-vessels.  That 
proliferation  of  ccelomic  wandering  cells  occurs  in  situ  there  is 
no  doubt. 

The  kind  of  wandering  cell  that  predominates  at  the  focus  of 
inflammation,  depends  upon  a  number  of  circumstances  concern- 
ing which  but  little  is  known.    The  chief  of  these  seem  to  be  as 
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follows :  (1)  the  nature  of  the  irritant;  (2)  the  seat  of  the  irritant; 
(3)  the  length  of  time  during  which  inflammation  has  been  in 
existence;  (4)  the  species  of  animal  used  for  experiment.  Speak- 
ing generally,  it  may  be  said  that  the  cells  which  are  earliest 
found  at  the  seat  of  irritation  are  oxyphil,  and  sometimes  they 
are  of  the  coarsely  granular  type,  sometimes  of  the  finely 
granular  type.  Hyaline  cells  appear  at  the  focus  of  inflamma- 
tion later,  but  if  the  irritant  be  very  mild,  they  may  be 
practically  the  only  cell  present  at  any  time.  Kanthack  and 
Hardy  hold  that  the  predominance  of  finely  or  of  coarsely 
granular  oxyphil  cells  depends  essentially  upon  whether  the 
blood-vessels  are  largely  involved  in  the  inflammatory  process 
or  no.  Thus  they  found  that  when  a  cutaneous  blister  is  raised 
by  means  of  blistering  fluid  (man),  the  cells  in  the  exudation  are 
mainly  of  the  finely  granular  or  haemal  oxyphil  type,  whereas 
when  the  peritoneum  is  the  seat  of  irritation,  produced,  for 
example,  by  injection  of  a  living  culture  of  anthrax  bacilli  (rat), 
the  cells  present  in  the  peritoneal  exudation  are  mainly  of  the 
coarsely  granular  or  coalomic  oxyphil  type.  In  the  frog  also 
they  found  that  injection  of  a  living  culture  of  anthrax  bacilli 
into  the  dorsal  lymph-sac  is  rapidly  followed  by  a  great  increase 
in  the  number  of  coarsely  granular  oxyphil  cells  in  the  lymph. 
Durham  was  unable  to  confirm  the  latter  statement,  but  the 
author's  experience  agrees  with  that  of  Kanthack  and  Hardy. 
As  the  result  of  injecting  various  kinds  of  micro-organism  into 
the  peritoneal  cavity  of  guinea-pigs,  Durham  found  that  the 
newly-arrived  cells  in  the  peritoneal  fluid  that  were  first  noticed 
were  finely  granular  oxyphil  cells  and  hyaline  cells  (macro- 
phages) of  various  kinds.  It  is  almost  certain  that  the  different 
results  obtained  by  Kanthack  and  Hardy  and  Durham  depend 
upon  the  different  conditions  under  which  these  observers 
worked.  Though  little  is  known  concerning  the  parts  played 
by  different  varieties  of  wandering  cell,  there  is  no  doubt  that 
a  hard  and  fast  line  cannot  be  laid  down  at  present.  In  par- 
ticular it  is  uncertain  how  far  one  variety  of  wandering  cell  in 
•  one  animal  may  discharge  functions  carried  out  by  another 
variety  of  wandering  cell  in  another  animal. 
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(B)  Phagocytosis. — Leaving  on  one  side  the  more  doubtful 
functions  of  wandering  cells  until  we  come  to  deal  with  the 
subject  of  immunity,  one  function  of  the  wandering  cell  must  be 
mentioned  which  has  long  been  recognised.  It  was  known  long 
before  varieties  of  wandering  cell  were  distinguished  that  leuco- 
cytes have  the  power  of  englobing  particles.  The  process  is 
exactly  similar  to  that  which  occurs  in  the  case  of  Amoeba. 
When  an  amoeba  meets  with  a  solid  particle  it  puts  forth  a 
pseudopodium  and  gradually  encloses  the  mass.  If  the  particle 
be  digestible,  the  amoeba  forms  round  it  a  vacuole,  and  in  this 
vacuole  the  particle  is  broken  up  and  digested.1  If,  on  the 
other  hand,  the  particle  is  non-digestible,  as  a  rule,  no  vacuole 
is  formed,  but  after  a  longer  or  shorter  sojourn  in  the  animal 
the  particle  is  extruded — or,  rather,  the  amceba  flows  away  from 
the  particle  and  leaves  it  behind. 

So  far  as  this  function  is  concerned,  leucocytes  are  exactly 
similar  to  amoebae,  and  in  them  granules  of  glycogen,  fat 
globules,  carbon  particles,  etc.,  may  be  found  normally.  If 
carmine  or  indiau-ink  be  injected  into  the  circulation,  particles 
of  these  substances  are  taken  up  by  the  leucocytes  with  great 
avidity.  The  author  found,  twenty  minutes  after  injecting  50 
c.c.  of  a  thick  suspension  of  indiau-ink  into  the  circulation  of 
a  dog  weighing  6  kilos.,  that  very  few  carbon  particles  were 
recognisable  in  the  blood,  but  that,  in  the  spleen  particularly, 
the  leucocytes  were  deeply  pigmented.  And  it  may  generally 
be  said  that  leucocytes  have  the  power  of  englobing  any  small 
and  innocuous  particles  with  which  they  come  into  contact.  If 
these  particles  can  be  digested  they  are  surrounded  by  a  vacuole 

1  Le  Dantec,  working  upon  the  subject  of  intra-cellular  digestion,  came  to  the 
conclusions  that  there  is  always  secretion  of  acid  into  the  vacuoles  which  amoebae 
form  round  ingested  particles,  and  that  ingesta  of  all  kinds  are  bathed  with  an 
acid  fluid.  Misses  Greenwood  and  Saunders,  from  experiments  on  various  protozoa, 
confirmed  le  Dantec's  results,  and  in  addition  found  that  the  mere  outpouring  of 
acid  is  unaccompanied  by  any  digestive  change  on  nutritive  matter  ;  ingesta  may 
be  stored  for  many  hours  before  they  are  dissolved,  or  digestion  may  follow  rapidly 
on  ingestion.  Nevertheless  the  formation  of  a  digestive  vacuole  is  preceded  by 
development  of  the  acid  reaction  and  is  followed  by  its  diminution.  Although  the 
secretion  of  acid  is  excited  by  all  ingesta,  the  true  digestive  vacuole  is  only  formed 
under  the  stimulus  supplied  by  nutritive  matter.  It  has  not  yet  been  shown  that 
these  results  may  be  directly  applied  to  the  leucocytes. 
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and  are  digested;  if  they  cannot  be  digested,  they  are  held 
within  the  body  of  the  leucocyte  for  a  longer  or  shorter  time. 
When  the  particles  presented  to  the  leucocytes  are  injurious,  as 
for  example  in  the  case  of  virulent  micro-organisms,  the  course 
followed  by  the  leucocytes  is,  perhaps,  different.  This,  however, 
is  a  debated  point,  and  is  bound  up  with  the  question  of  negative 
chemiotaxis.    Both  points  will  be  considered  later. 

To  this  property  of  leucocytes  Metchnikoff  gave  the  name 
"  phagocytosis." 

Whether  in  the  case  of  leucocytes  the  property  is  directed 
towards  nutrition  it  is  difficult  to  say.  There  seems  to  be  no 
selection  on  the  part  of  the  cell  as  to  whether  it  shall  take  up 
digestible  or  non-digestible  particles  when  both  are  presented  to 
it.  Kanthack  and  Hardy  give,  in  a  table  at  the  end  of  their 
paper  on  the  "  Wandering  Cells  in  Mammalia,"  details  of  an 
experiment  in  which  bacilli  (B.  pyocyaneus)  and  indian-ink  were 
injected  into  a  rat.  From  that  table  it  is  seen  that  as  many 
phagocytes  attacked  the  bacilli  which  could  be  digested  as 
attacked  the  indian-ink  particles  which  could  not.  We  shall 
see  later  that  there  is  evidence  that  phagocytes  may  distinguish 
between  varieties  of  bacilli,  but  that  is  a  different  matter. 
Against  the  nutritional  view  is  the  further  fact  that  leucocytes 
are  suspended  in  a  nutritious  albuminous  fluid  (plasma  or 
lymph) ;  one  would  expect  under  these  circumstances  that  the 
cells  should  take  up  their  nutriment  from  that  fluid  in  a  liquid 
form  rather  than  in  a  solid  form.  It  has  been  suggested  that 
the  phagocytic  function  is  rather  of  a  "  scavenging  "  kind,  and 
there  is  really  no  valid  argument  against  this  view,  excepting 
the  fact  that  in  allied  organisms  the  property  is  distinctly 
nutritive.  But  in  estimating  the  value  of  this  objection  the 
difference  in  constitution  of  the  liquid  media  in  which  the  two 
kinds  of  protoplasmic  cell  flourish  must  be  taken  into  account. 

All  kinds  of  wandering  cell  do  not  possess  this  property  of 
phagocytosis  to  the  same  degree.  The  finely  granular  oxyphil 
cell  and  the  hyaline  cell  (hsemal  and  coelomic)  are  intensely 
phagocytic.  Young  connective  tissue  cells  (fibroblasts)  and 
endothelial  cells  of  blood-vessels,  and,  perhaps,  of  lymphatics, 
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show  marked  phagocytic  properties,  especially  when  they  are 
proliferating  rapidly.  Giant  cells  are  sometimes  phagocytic. 
Lymphocytes,  on  the  other  hand,  are  apparently  never  phago- 
cytic, and  it  is  probable  that  coarsely  granular  oxyphil  cells  are 
non-phagocytic  also.  Upon  this  latter  point,  however,  there  is 
some  difference  of  opinion. 

This  difference  of  opinion  is  bound  up  with  the  question  as 
to  the  nature  of  the  granules  in  these  cells.  By  the  greater 
number  of  authors  they  are  considered  to  be  "  paraplastic,"  that 
is,  formed  at  the  expense  of  the  cell-protoplasm,  and,  in  fact,  as 
being  of  the  nature  of  secretion  products.  We  shall  see  later 
that  upon  this  view  has  been  built  one  of  the  numerous  theories 
of  immunity,  but  it  is  only  necessary  here  to  remark  that 
Metchnikoff  and  some  of  his  pupils  have  shown  that  an  appear- 
ance somewhat  similar  to  that  of  a  coarsely  granular  oxyphil 
cell  may  be  produced  by  a  phagocyte  when  the  material  which 
it  has  ingested  has  broken  up  into  granules.  Metchnikoff,  in 
the  case  of  V.  cholerce  asiaticm,  Cantacazene,  in  the  case  of  V. 
Metchnikovi,  Mesnil,  in  the  case  of  B.  anthracis,  Bordet,  in  the 
case  of  B.  coli,  B.  typhosus,  staphylococci,  streptococci,  etc., 
describe  a  change  in  the  staining  reactions  of  micro-organisms 
after  they  have  been  taken  up  by  phagocytes.  At  first  the 
micro-organisms  stain  only  with  basic  dyes,  but  as  the  result  of 
phagocytic  action  they  come  at  last  to  refuse  basic  dyes,  and  to 
take  up  acid  dyes  with  avidity.  If,  then,  the  phagocyte  be  filled 
with  broken-down  particles  of  bacteria,  and  these  particles  stain 
readily  with  eosin,  an  appearance  is  given  that  can  be  almost  in- 
distinguishable from  that  yielded  by  a  coarsely  granular  oxyphil 
cell.  These  observers,  therefore,  maintain  that  the  granules  of  the 
coarsely  granular  oxyphil  cell  are  not  paraplastic,  and  Mesnil  even 
goes  so  far  as  to  suggest  that  coarsely  granular  oxyphil  cells  are 
simply  phagocytes  replete  with  the  altered  debris  of  the  sub- 
stances which  they  have  ingested.  Taking  the  coarsely  granular 
oxyphil  cell,  however,  as  one  finds  it,  there  is  less  difference  of 
opinion.  It  is  allowed  on  all  hands  that  phagocytosis  by  this 
variety  of  cell  is  uncommon  ;  the  only  question  is  whether  it 
ever  occurs.    Kanthack  and  Hardy  with  most  authors  maintain 
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that  coarsely  granular  oxyphil  cells  (frog,  rat,  guinea-pig)  are 
never  phagocytic.  Mesnil  holds  the  contrary  view  (lizard),  and 
Durham  (guinea-pig)  found  in  a  hanging-drop  preparation  one 
undoubted  example  of  a  coarsely  granular  oxyphil  cell  which 
contained  an  ingested  bacillus  (B.  megatherium)  within  a 
vacuole. 

V.  Tissue  Changes  in  a  Region  of  Inflammation. — 

Beside  the  effects  which  an  irritant  produces  upon  blood-vessels, 
the  proper  elements  of  the  part  in  which  inflammation  is  taking 
place  also  undergo  changes.  It  is  evident  that  the  blood-vessels 
cannot  be  affected  alone,  though,  if  the  irritant  be  carried  to  the 
part  in  the  blood-stream,  it  is  possible  that  the  vessels  may  suffer 
first  and  to  the  greatest  extent.  The  effects  of  the  inflammation 
upon  the  tissue  elements  may  be  divided  into  two  classes:  (1) 
the  direct  effects  of  the  irritant ;  (2)  the  effects  produced  by  the 
exudation  and  migration  that  take  place  from  the  inflamed  blood- 
vessels. Both  classes  conjoin  to  produce  that  "  impairment  of 
function  "  which  is  the  fifth  cardinal  sign  of  inflammation. 

In  the  case  of  the  tissues  there  is  the  great  difficulty  that  one 
has  to  separate  the  changes  which  are  strictly  due  to  the  action 
of  the  irritant  and  to  the  pressure  of  the  exuded  fluid  and  cells, 
from  the  changes  which  are  strictly  due  to  the  increased  amount 
of  nutriment  which  that  exuded  fluid  brings  to  the  tissue 
elements.  That  is  to  say,  in  the  tissue  elements  two  sets  of 
changes  are  to  be  observed,  the  one  degenerative,  the  other 
proliferative.  It  is  principally  over  this  part  of  the  subject  that 
there  is  divergence  of  opinion,  and  it  is  because  these  two  sets  of 
processes  are  going  on  apparently  at  the  same  time  that  so 
much  difficulty  has  been  felt  in  attempting  to  frame  a  definition 
of  inflammation,  and  the  definition  of  one  author  is  not  accepted 
by  another  author.  To  this  matter  we  shall  have  to  return 
when  endeavouring  to  form  a  conception  of  the  meaning  of 
inflammation,  but  it  must  be  stated  here  that  under  inflammation 
the  degenerative  processes  of  the  tissue  elements  will  alone  be 
considered.  In  the  author's  opinion,  the  proliferative  changes 
are  no  part  of  inflammation,  but  are  a  part  of  repair.  And 
though  it  is  granted  that  degenerative  and  proliferative  changes 
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are  in  most  cases  of  inflammation  closely  bound  up  with  one 
another,  just  as,  normally,  cellular  death  and  cellular  prolifera- 
tion are  closely  bound  up  with  one  another,  yet  the  author 
believes  that  proliferative  changes  are  only  brought  about 
because  degenerative  changes  have  occurred  earlier :  an  inflam- 
mation may  present  no  proliferative  changes,  but  it  must, 
without  exception,  present  degenerative  changes. 

That  degenerative  changes  occur  in  inflammation  can  readily 
be  seen  on  examination  of  a  microscopic  section  of  any  part  in 
which  inflammation  has  been  going  on.  Thus  if  a  section  of 
the  abdominal  wall  of  an  animal  which  has  succumbed  after  two 
or  three  days  to  intra-peritoneal  injection  of  a  micro-organism 
be  examined,  it  will  be  noticed  that  the  voluntary  muscle  has 
to  a  large  extent  lost  its  striation  and  has  become  cloudy  and 
granular.  This  change  is  invariable,  but  the  muscle  may  also 
show  the  presence  of  fat  globules  or  may  have  undergone  the 
change  known  as  Zenker's  or  vitreous  degeneration.  The 
cohesion  of  the  several  muscular  bundles  has  to  a  large  extent 
become  dissolved,  and  instead  of  forming  a  compact  mass,  as  is 
normally  the  case,  the  bundles  separate  from  one  another  and 
break  into  more  or  less  irregular  masses.  This  is  due  to  the 
change  undergone  by  the  connective  tissue  throughout  the  part, 
which  has  swelled  up  and  has  become  more  hyaline  or  more 
translucent,  or  in  parts  has  completely  disappeared.  Mutatis 
mutandis,  the  same  is  true  of  any  other  tissue. 

In  those  organs  where  the  essential  elements  of  the  part 
normally  bear  a  high  proportion  to  the  amount  of  connective 
tissue  present,  not  only  is  the  impairment  of  function  proportion- 
ately great,  but  also  the  characters  of  the  inflammation  are  of 
a  somewhat  peculiar  type.  For  since  blood-vessels  other  than 
capillaries  are  only  found  in  connective  tissue,  the  vascular 
changes  in  organs  of  this  description  are  small  compared  with 
the  degenerative  changes  undergone  by  the  essential  elements  of 
the  part.  In  acute  hepatitis,  for  example,  vascular  changes  may 
be,  on  microscopic  examination  of  a  section,  quite  inconspicuous, 
while  degeneration  of  liver  cells  is  extensive,  and  even  macro- 
scopically  and  during  life  great  disorganisation  of  the  liver  may 
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co-exist,  as  the  result  of  the  action  of  a  severe  irritant,  with  a 
comparatively  small  amount  of  congestion,  etc.  The  same  is 
true  in  the  brain ;  indeed  here  the  blood-vessels  bear  so  small  a 
proportion  to  the  amount  of  nerve-matter,  that  the  existence 
of  an  inflammation  of  the  brain-substance — as  apart  from  the 
meninges — has  been  denied  by  some  authors. 

Those  forms  of  inflammation  in  which  the  action  of  the 
irritant  is  principally  evident  in  changes  in  the  essential  cells  of 
an  organ  are  sometimes  called  "  parenchymatous,"  in  contra- 
distinction to  the  "  interstitial "  forms  of  inflammation  in  which 
the  connective  tissue  of  the  part  is  affected  to  the  greatest 
extent.  The  distinction,  however,  is  a  bad  one,  for  in  every 
inflammation  both  essential  cells  and  connective  tissue  must  of 
necessity  be  involved ;  and,  in  addition,  it  is  doubtful  whether 
the  so-called  cases  of  pure  "  interstitial  inflammation  "  are  to  be 
considered  as  examples  of  inflammation  at  all.  This  latter  point 
will  be  discussed  hereafter. 

VI.  Causes  of  Variation  in  the  Type  of  Inflammation. 
— We  must  conclude,  then,  that  in  every  inflammation  vascular 
changes  and  tissue  changes  occur,  but  from  the  variability  of 
these  changes  the  characters  of  inflammation  may  vary  in  an 
infinitude  of  ways.  Some  of  these  have  already  been  mentioned, 
but  variations  in  the  type  of  inflammation  must  be  discussed  from 
the  broader  aspect  of  being  the  products  of  two  main  factors, 
(1)  the  irritant,  and  (2)  the  tissue  on  which  the  irritant  is  acting. 

(i.)  The  Irritant. — Irritants  may  vary  in  nature  or  may 
vary  in  strength,  or  may  vary  both  in  nature  and  in  strength. 
With  regard  to  the  nature  of  irritants,  we  may  conveniently 
distinguish  organised  irritants  from  unorganised  irritants,  not 
because  there  is  any  essential  difference  in  the  processes  called 
forth  in  the  two  cases,  but  because,  speaking  broadly,  when  the 
irritant  is  organised,  the  wandering  cells  play  a  more  prominent 
part  than  when  the  irritant  is  unorganised. 

(a)  Effect  of  the  Nature  of  Irritant  upon  Inflammation. — In 
the  vast  majority  of  cases  organised  irritants  are  of  a  vegetable 
nature,  whether  bacillus,  micrococcus,  or  mould,  but  they  may  be 
animal,  such  as  the  intestinal  and  superficial  parasites  of  various 
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kinds,  hydatids,  Trichina  spiralis,  chigoe,  etc.1  The  unorganised 
irritants  are  of  the  widest  variety.  In  one  case  it  may  be  an 
acid,  in  another  a  wound ;  at  one  time  a  piece  of  metal,  at 
another  time  excessive  muscular  movement ;  at  one  time  it  may 
be  light,  at  another  time  heat  or  cold ;  at  one  time  a  bacterial 
toxin,  at  another  time  the  poison  of  an  insect ;  and  so  on.  In- 
deed it  is  quite  impossible  to  classify  the  varieties  of  unorganised 
irritant,  but  they  all  agree  in  that  they  are  theoretically 
"  aseptic  "  and  that  they  induce  the  vascular  and  tissue  changes 
that  have  been  described  above.  Though  unorganised  irritants 
are  theoretically  aseptic,  in  not  a  small  number  of  cases  they, 
practically,  are  septic.  A  wound  is  a  strictly  unorganised  irri- 
tant only  when  strictly  aseptic,  and  the  difficulty  of  preventing 
bacteria  from  playing  a  part  in  any  inflammation  which  involves 
the  skin  or  which  is  exposed  to  the  air  is  so  great,  that  the  bulk 
of  inflammatory  conditions  as  we  see  them  are  due  rather  to  the 
organised  than  to  the  unorganised  irritants. 

If  we  take  an  irritant  of  mean  intensity  from  either  class  it 
will  be  seen  that  there  is  considerable  macroscopic  difference 
between  the  forms  of  inflammation  that  are  produced.  For 
example,  the  great  exudation  that  comes  on  in  perhaps  ten 
minutes  and  is  accompanied  by  the  migration  of  but  few  leuco- 
cytes when  heat  raises  a  blister  on  the  back  of  the  hand,  is  in 
marked  contrast  with  the  enormous  migration  of  leucocytes  and 
the  smaller  amount  of  exudation  that  occurs  in  perhaps  twenty- 
four  hours  when  the  irritant  is  Staphylococcus  pyogenes  aureus 
acting  in  the  same  region. 

But  though  it  may  broadly  be  stated  that  when  the  irritant  is 
unorganised,  exudation  is  most  obvious,  whereas  when  the  irri- 
tant is  organised  the  presence  of  numbers  of  cells  at  the  part  is 
most  obvious,  this  statement  is  not  absolutely  correct.  For  the 
inflammations  caused  by  even  closely  allied  irritants  at  times 
differ  very  considerably.  Thus  Uschinsky,  investigating  the 
action  of  cold  upon  the  skin  of  the  guinea-pig,  showed  that 
freezing  by  means  of  the  ether  spray  for  two  to  three  minutes 

1  The  hfematozoa,  such  as  Filaria  sanguinis  hominis,  the  malaria  parasites, 
etc. ,  do  not  cause  inflammation,  though  they  lead  to  blood  changes. 
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leads  to  an  inflammation  which  is  at  its  height  24-36  hours 
later,  is  accompanied  by  an  excessive  migration  of  leucocytes  and 
is  remarkable  for  its  dryness.  Heat,  on  the  other  hand,  applied 
for  the  same  length  of  time,  leads  to  excessive  exudation  that 
is  earlier  at  its  height  and  is  accompanied  by  migration  of  few 
leucocytes.  Moreover  the  vitality  of  all  tissues  is  less  interfered 
with  by  cold  than  by  heat,  so  that,  for  the  production  of  a  given 
degree  of  injury  or  of  local  death,  cold  must  be  more  intense  and 
must  act  for  a  greater  length  of  time  than  heat.  So,  too,  we 
shall  see  in  the  case  of  inflammation  caused  by  bacteria,  that 
some  forms  are  associated  rather  with  the  presence  of  much 
exudation  than  of  many  cells. 

Another  difference  between  the  inflammations  caused  by 
organised  and  by  unorganised  irritants  consists  in  the  fact,  that 
inflammation  resulting  from  the  action  of  a  purely  unorganised 
irritant  is  always  strictly  localised  to  the  immediate  neighbour- 
hood of  the  spot  on  which  the  irritant  has  acted,  whereas  when 
the  irritant  is  organised  the  inflammation  not  infrequently 
"  spreads."  This  obviously  depends  upon  the  fact  that  the 
organised  irritant  is  living  and  capable  of  multiplication,  whereas 
the  unorganised  irritant  is  not. 

(b)  Effect  of  Intensity  of  Irritant  upon  Inflammation. — But 
if  the  nature  of  the  irritant  is  important  in  determining  the 
character  of  an  inflammation,  the  strength  of  the  irritant  is  no 
less  important.  If  it  be  slight  the  changes  which  it  induces  may 
rather  be  regarded  as  the  result  of  a  stimulus  than  of  an  irritant 
and  may  be  considered  physiological  rather  than  pathological. 
Thus,  the  action  of  heat  may  be  such  that  the  vascular  changes 
induced  are  only  those  characteristic  of  a  simple  active  hyper- 
emia ;  or,  on  the  other  hand,  it  may  kill  the  tissue  outright  and 
then  no  inflammatory  changes  supervene  except  at  a  distance 
from  the  seat  of  irritation,  where  the  action  of  the  irritant  has 
been  less  severe  and  has  not  killed  the  tissues.  Between  these 
extremes  lie  numberless  intermediate  conditions.  The  question 
of  time  also  comes  in,  for  a  slight  irritant  long-continued  may 
produce  as  great  effects  as  a  more  severe  irritant  whose  action  is 
less  prolonged. 
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The  same  is  also  true  when  the  irritant  is  organised.  A 
micro-organism  such  as  Streptococcus  pyogenes  may  produce 
vastly  different  forms  of  inflammation  when  inoculated  into  the 
subcutaneous  tissue.  If  of  a  very  low  degree  of  virulence  its 
effects  may  be  limited  to  the  production  of  perhaps  nothing  more 
than  a  slight  local  redness ;  if  more  virulent  it  may  lead  to  the 
exudation  of  a  small  amount  of  fluid  or  perhaps  the  formation  of 
a  pustule  or  abscess ;  while  if  intensely  virulent  the  inflammation 
may  lead  to  the  exudation  of  much  blood-stained  sero-purulent 
fluid  into  the  subcutaneous  tissue,  and  the  inflammation  may 
spread  so  rapidly,  that  in  the  course  of  a  few  hours  a  whole 
limb  may  be  involved  or  even,  by  a  general  infection,  the  death 
of  the  subject  may  have  been  brought  about. 

(ii.)  The  Tissue  on  which  the  Irritant  acts. — (a)  Effect 
of  Nature  of  Tissue. — The  tissue  upon  which  the  irritant  acts 
is  also  concerned  in  determining  the  course  of  inflammation. 
Quite  apart  from  its  density  or  looseness — the  effect  of  which  has 
already  been  indicated — its  vascularity  or  comparative  avascu- 
larity  is  of  importance,  for  upon  this  depends  not  only  the 
amount  of  exudation  and  the  number  of  cells  that  migrate,  but 
also  to  a  large  extent  the  amount  of  degenerative  change  to 
which  the  irritant  gives  rise.  The  more  vascular  a  part,  the  less 
likely  is  an  irritant  to  produce  necrotic  change  and  vice  versa. 
Yet  this  last  statement  needs  qualification,  for  when  an  irritant 
such  as  Staphylococcus  pyogenes  aureus  acts  upon  the  highly 
vascular  liver  or  kidney,  as  in  the  case  of  septic  embolism  in 
these  organs,  the  disorganisation  of  tissue  to  which  it  leads  is  far 
greater  than  it  would  be  were  the  less  vascular  subcutaneous 
connective  tissue  the  seat  of  the  embolism.  The  nature  of  the 
tissue  upon  which  the  irritant  acts  is  of  importance,  as  well  as 
the  freedom  of  its  blood-supply,  and  the  delicate  liver  cell  or 
kidney  epithelial  cell  in  the  one  case  succumbs  more  easily  than 
the  connective  tissue  fibres  in  the  other.  That  the  course  of 
inflammation  is  also  modified  by  any  general  condition  which 
modifies  the  vitality  of  the  tissues  is  shown  by  the  fact  that  in 
diabetic,  albuminuric,  and  in  alcoholic  patients,  inflammations  run 
a  far  more  severe  course  than  they  run  in  healthy  individuals. 
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(b)  Effect  of  Mechanical  Conditions. — There  is  scarcely  need  to 
point  out  that  mechanical  conditions  influence  the  course  and 
duration  of  an  inflammation.  Eest  and  movement  in  particular 
are  of  importance  in  this  connection.  Thus  an  irritant  which, 
acting  on  the  skin  on  the  back  of  the  hand  over  the  shaft  of  a 
metacarpal  bone,  would  produce  an  insignificant  pustule,  may,  if 
situated  over  the  metacarpo-phalangeal  joint,  produce  an  ulcer 
extending  into  and  disorganising  the  joint.  The  different  result 
is  due  solely  to  the  movement  of  the  joint,  for  if  the  part  be  kept 
at  complete  rest  the  inflammation  runs  the  same  course  in  the 
two  cases. 

(c)  Effect  of  Integrity  or  Otherwise  of  Nervous  Supply. — The 
integrity  or  otherwise  of  the  nervous  supply  to  a  part  is  of  great 
importance  in  determining  the  course  which  shall  be  run  by  a 
given  inflammation.  This  can  readily  be  seen  in  the  following 
experiment  devised  by  Samuel  to  illustrate  the  point.  Three 
rabbits,  A,  B  and  C,  are  taken,  and  in  A  the  sympathetic  nerve 
to  the  ear  is  cut  on  the  right  side,  in  B  the  sympathetic  nerve 
is  cut  on  the  right  side,  and  the  greater  and  lesser  auricular 
nerves  (sensory)  are  cut  on  the  left  side,  while  C  is  kept  as  a 
control.  Both  ears  of  each  rabbit  are  then  exposed  for  three 
minutes  to  water  at  54°  C.  It  will  be  found  that  the  subsequent 
inflammation  runs  the  quickest  and  best  course  in  C ;  that  it  is 
more  severe  and  lasts  longer,  but  ends  favourably  in  A ;  and 
that  in  B  it  runs  a  lingering  and  unfavourable  course,  accom- 
panied in  most  cases  by  gangrene  of  the  heated  part  of  the  left 
ear.  It  is  obvious  from  this  experiment  that  section  of  the 
vaso-constrictors  with  hyperemia  influences  the  inflammation 
unfavourably,  that  vaso-constriction  (in  the  left  ear  of  A,  and 
compensatory  to  the  hyperemia  in  the  right  ear)  and  anaemia 
influence  the  course  of  inflammation  unfavourably,  and  that 
vaso-constriction  and  anaemia,  when  conjoined  with  loss  of 
sensation  (left  ear  of  B),  cause  the  inflammation  to  run  an 
extremely  severe  course. 

That  loss  of  sensation  in  a  part  is  particularly  associated  with 
severe  inflammation  has  long  been  known.  Without  entering 
into  a  discussion  of  the  question  concerning  "  trophic  "  nerves, 
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mention  may  be  made  of  the  well-known  facts  that  section  of 
the  ophthalmic  branch  of  the  fifth  nerve  is  followed  under 
ordinary  circumstances  by  severe  ulceration  of  the  cornea,  and 
that  in  patients  whose  spinal  cord  or  brain  has  been  injured, 
pressure  or  other  feeble  irritants  readily  cause  inflammatory  con- 
ditions of  a  particularly  severe  type — the  so-called  acute  bed- 
sores. In  the  case  of  the  eye  it  is  taught  that  the  inflammatory 
condition  is  essentially  due  to  the  fact  that  the  anaesthetic  con- 
junctiva does  not  guard  against  injury,  and  there  is  no  doubt 
that  if  the  eye  be  carefully  protected  from  irritants,  such  as  dust, 
etc.,  inflammation  does  not  occur.  Samuel's  experiment,  too, 
apparently  show's  us  that  the  same  irritant  produces  far  greater 
effects  in  an  anaesthetic  part  than  it  does  in  a  part  under 
identical  conditions,  with  the  exception  of  loss  of  sensation. 
But  it  is  reasonable  to  suppose  that  the  two  ears  of  B,  so  far  as 
irritant  is  concerned,  are  not  in  the  same  condition,  for  the 
animal  would  guard  the  sentient  ear  against  further  injury,  but 
owing  to  lack  of  sensation  would  not  protect  the  other  ear 
against  accessory  irritants.  On  the  whole,  however,  it  is 
probable  that  in  some  unknown  way  the  course  taken  by  an 
inflammation  is  controlled  by  the  nervous  system. 

In  favour  of  this  view  is  also  the  fact  that  in  certain  indi- 
viduals hypnotic  suggestion  may  lead  to  the  appearance  of 
definite  inflammatory  conditions,  apart  from  the  action  of  an 
irritant.  Experiments  of  this  kind  must  be  received  with 
extreme  caution,  but  there  is  no  doubt  that  in  suitable  persons 
the  hypnotic  suggestion  that  a  given  substance  applied  to  the 
skin  is  red  hot,  whereas  actually  it  is  at  room-temperature,  pro- 
duces inflammatory  conditions,  including  the  formation  of  a 
blister  at  the  seat  of  application,  which  cannot  be  distinguished 
from  the  conditions  that  would  be  produced  in  the  normal 
subject  if  the  given  substance  had  in  reality  been  red  hot. 

Processes  going  on  in  one  part  of  the  body  also  affect  the 
course  of  inflammation  in  another  part  of  the  body.  Samuel 
shows  that  the  inflammation  which  commonly  appears  after 
application  of  croton  oil  to  a  rabbit's  ear,  or  after  scalding,  com- 
pletely fails  if  the  other  ear  be  immersed  for  several  hours  after 
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application  of  the  irritant  in  water  at  15°  C.  This  is  not  due  to 
reflex  action  of  the  ordinary  kind,  for  the  same  result  obtains  if 
a  leg  be  immersed  in  water  at  15°  C.  instead  of  an  ear,  nor  does 
it  depend  upon  cooling  of  the  blood,  for,  on  the  contrary,  the 
temperature  of  the  blood  rises  somewhat  under  such  conditions. 
Samuel  finds  himself  completely  unable  to  explain  this  experi- 
ment, and  perhaps  it  is  no  help  to  regard  it  as  dependent  upon 
some  obscure  nerve  action.  A  somewhat  similar  difficulty  occurs 
in  the  case  of  rabbits  A  and  B  mentioned  above.  It  is  not  clear 
why  the  right  ears  of  the  two  animals  should  not  run  the  same 
inflammatory  course,  and  yet  the  right  ear  of  B,  in  which  the 
sensory  nerves  of  the  left  ear  are  cut,  runs  a  distinctly  less 
favourable  course.  Possibly  we  are  here  on  the  outskirts  of  a 
problem  which  has  a  wide-reaching  therapeutic  importance. 

We  see,  then,  that  when  an  irritant  acts  upon  a  living  tissue  it 
invariably  produces  the  following  results  : — 

1.  Degenerative  changes  involving  the  tissue  elements. 

2.  Vascular  changes  showing  themselves  by  hyperemia  and 

exudation. 

3.  Migration  of  wandering  cells. 

All  of  these  conditions  are  present,  though  they  do  not  bear 
the  same  ratios  to  one  another  in  all  cases. 

But  inflammation  is  not  a  condition  of  equilibrium.  No 
sooner  has  it  become  developed  than  other  changes  supervene. 
These  changes  are  of  two  kinds,  physiological,  if  the  irritant 
ceases  to  act,  pathological,  if  the  irritant  continues  to  act.  These 
sequels  to  inflammation  will  be  considered  in  the  following 
chapter. 
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The  Sequels  of  Inflammation. 


Synopsis. 


I.  General  Considerations.  The 
Physiological  and  Pathologi- 
cal Sequels  of  Inflammation. 

II.  Resolution. 

(i)  Primary  and  Subordi- 

nate Irritants. 

(ii)  Arrest  of  Irritant  Ac- 

tion. 

III.  Conditions  necessary  for  Repair. 

IV.  The  Pathological  Sequels  of  In- 

flammation. 

A.  Suppuration  and  Ab- 
scess-Formation. 

(i)  The  Characters  of 
Pus. 

(ii)  Abscess.  Pyogenetic 
Micro-organisms. 
Pyaemia,  Septi- 
caemia, Sapraemia, 
Ulcerative  Endo- 
carditis. 

B.  Gangrene  and  Allied 
Conditions.  Ulceration. 
Caries. 


V.  Regeneration    of  Tissues  and 
Repair. 

(i)  Epithelium. 

(ii)  The  Connective  Tissues. 

Endothelium.  For- 
mation of  new  Blood- 
vessels, 
(iii)  Muscle  ;  Nerve  ;  Gland. 

VI.  The  Progress  of  Repair  as  Ex- 
emplified by 

(i)  Healing  of  a  Wound. 

i 

(ii)  Healing  of  a  Fracture 

of  Bone, 
(iii)  Formation  of  a  Fibroid 
Pleurisy. 

VII.  Chronic  Inflammations. 

VIII.  The  Significance  of  Inflamma- 
tion. 

IX.  Definition  of  Inflammation. 


I.  General  Considerations. — If  we  consider  the  phenomena 
which  occur  under  normal  physiological  conditions  in  a  gland 
whose  nerve  has  been  stimulated,  we  find,  when  nerve- stimulation 
ceases,  that  the  gland  commences  to  return  to  a  resting  state,  the 
hyperemia  disappears,  secretion  is  no  longer  poured  out,  and  the 
work  done  by  the  gland-cells  is  directed  not  to  the  formation  of 
a  secretion,  but  to  their  own  re-establishment  and  to  the  storage 
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within  themselves  of  the  products  of  protoplasmic  activity.  In 
other  words,  secretion  is  followed  by  a  return  to  normal,  includ- 
ing therewith  a  replacement  of  those  cells  which  had  broken 
down  under  stimulation  to  form  the  secretion. 

Now,  though  the  cases  are  not  absolutely  analogous,  the 
changes  that  succeed  on  the  cessation  of  irritant  action  in  in- 
flammation and  on  the  cessation  of  nerve  action  in  secretion  have 
many  points  in  common.  For  when  the  irritant  ceases  to  act, 
inflammation  commences  to  subside  and  repair  of  defects  caused 
by  the  action  of  the  irritant  commences  to  take  place.  That  is 
to  say,  resolution  and  repair — the  physiological  sequels  of  inflam- 
mation— have  their  counterparts  in  the  physiological  sequels  of  a 
normal  glandular  secretion. 

Eesolution  and  repair  are  invariably  associated  with  one 
another.  For  since  inflammation  is  always  associated  with  de- 
generative changes  in  the  tissue  cells,  with  hyperemia  and  exuda- 
tion, and  with  migration  of  wandering  cells,  when  inflammation 
ceases  there  is  always  need  for  the  removal  of  degenerative  pro- 
ducts and  the  subsidence  of  the  other  excessive  conditions,  as 
well  as  for  the  repair  of  those  defects,  to  which  the  degenerative 
changes  in  the  tissue  elements  have  given  rise. 

It  is  obvious  that  the  amount  of  repair  that  is  necessary 
depends  upon  the  degree  to  which  degenerative  tissue  changes 
have  entered  into  the  inflammation,  and,  therefore,  that  repair 
may  be  a  prominent  or  an  insignificant  part  of  the  sequels.  In 
some  cases  the  degenerative  tissue  changes  are  of  so  little  import- 
ance that  the  phenomena  which  combine  to  make  up  "  resolu- 
tion "  can  be  studied  independently :  such  is  the  resolution  of 
acute  lobar  pneumonia.  In  other  cases,  removal  of  tissue, 
whether  by  the  knife  or  as  the  result  of  degenerative  change,  has 
been  so  great  that  reparative  processes  are  well-marked  :  such  is 
the  repair  or  the  healing  of  a  wound. 

II.  Resolution. — (i.)  Primary  and  Subordinate  Irritants. 
— Before  proceeding  to  examine  resolution  and  repair  more 
closely  it  must  be  pointed  out  that  the  action  of  an  irritant  is 
really  a  more  complex  matter  than  appears  at  first  sight.  If, 
under  perfectly  aseptic  conditions,  an  incision  be  made  into  the 
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skin,  the  action  of  the  irritant  is  not  confined  to  the  time 
occupied  by  the  actual  incision  but  lasts  for  a  longer  period.  For 
the  cells  that  have  been  damaged  by  the  knife,  the  blood  that  has 
been  effused,  the  inflammatory  exudation  that  is  poured  out,  all 
take  up  and  carry  on  the  work  of  irritation  in  their  turn.  The 
inflammation,  therefore,  that  follows  is  the  total  result  produced 
by  the  actions  of  the  primary  irritant  and  of  the  multitudinous 
subordinate  irritants  to  which  the  incision  or  primary  irritant 
has  given  rise.  It  is  because  of  the  existence  of  these  sub- 
ordinate irritants  that  inflammations  persist  and  become  chronic. 

Now,  since  irritant  action  must  be  regarded  as  dependent  upon 
both  primary  and  subordinate  irritants,  and  since  the  total 
results  of  irritant  action  are  summed  up  in  the  term  "  inflamma- 
tion," it  follows  that  the  physiological  sequels  of  inflammation 
cannot  take  place  so  long  as  these  subordinate  irritants  continue 
to  act,  but  that,  on  the  other  hand,  inflammation  must  persist. 
Before  resolution  and  repair  can  take  place,  the  degenerated  tissue 
elements,  the  effused  blood,  the  excess  of  exudation  over  that 
which  is  necessary  for  proper  nutrition  of  the  tissues  must  cease 
to  act  as  irritants.  In  some  cases  this  end  is  attained  very 
simply.  In  the  inflammation  that  follows  upon  the  sting  of  a 
bee,  degenerative  changes  are  minute,  and  the  irritant  afforded  by 
the  copious  exudation,  after  exudation  has  done  its  work  of 
diluting  the  primary  irritant,  is  removed  by  a  drainage  of  the 
cedeinatous  tissue  spaces  into  the  lymphatics.  The  case  of  acute 
lobar  pneumonia  is  similar  but  not  quite  so  simple.  The  pneu- 
mococcus  leads  to  a  very  considerable  hyperemia  and  exudation, 
and  the  exudation,  in  some  manner  with  which  we  are  not  at 
present  concerned,  kills  the  micro-organism  and  neutralises  its 
poison.  The  primary  irritant  is  therefore  overcome,  but  the 
secondary  irritant,  represented  in  the  main  by  the  coagulated 
exudation,  persists,  and  of  itself  keeps  up  the  inflammation  until 
such  time  as  it  has  become  liquefied  and  has  been  removed  by  the 
lymphatics,  by  the  blood-vessels,  and  by  expectoration.  Hence 
in  pneumonia,  resolution  and  repair  do  not  set  in  so  soon  as  in 
the  other  case.  Those  cases  of  acute  lobar  pneumonia  in  which 
this  maintenance  of  irritation  is  inordinately  prolonged,  owing 
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to  failure  or  delay  in  the  liquefaction  of  the  coagulated  exuda- 
tion, are  liable  to  terminate  in  abscess,  gangrene,  etc.,  of  the 
lung ;  in  other  words,  in  them,  the  sequels  of  the  inflammation 
are  not  physiological  but  are  pathological. 

Eesolution  of  an  inflammation  is  therefore  synonymous  with 
removal  of  the  results  of  irritant  action.  In  inflammation  the 
blood-vessels  become  dilated  and  the  blood-flow  is  retarded  or 
accelerated  according  to  circumstances,  in  resolution  the  blood- 
vessels are  contracted  towards  normal  and  the  blood-flow  is 
accelerated  or  retarded  according  to  circumstances  ;  in  inflamma- 
tion exudation  from  the  blood-vessels  is  greater  than  the  amount 
of  fluid  that  drains  away  by  the  lymphatics,  in  resolution  the 
amount  of  fluid  that  flows  away  by  the  lymphatics  is  greater 
than  the  amount  of  fluid  that  leaves  the  blood-vessels  ;  in  inflamma- 
tion cells  leave  the  blood-vessels  and  wander  towards  the  focus  of 
irritation,  in  resolution  emigration  ceases  and  such  leucocytes  as 
are  already  at  the  focus  of  irritation  wander  away  or  are  carried 
away  in  the  lymph-stream  ;  in  inflammation  the  sensibility  and 
temperature  of  the  part  increase,  in  resolution  they  diminish 
again  towards  the  normal ;  in  inflammation  tissue  elements  are 
disorganised  or  are  destroyed,  in  resolution  the  dead  tissue 
elements  are  removed,  and  those  elements  whose  vitality  has  not 
been  lowered  to  too  great  an  extent  recover. 

It  is  not  necessary  to  discuss  the  phenomena  of  resolution  in 
detail,  for  the  processes  that  are  at  work  are,  in  the  main,  the 
converse  of  those  which  lead  up  to  the  phenomena  of  inflamma- 
tion, but  a  few  remarks  are  necessary  upon  the  methods  whereby 
irritant  action  is  arrested. 

(ii.)  Arrest  of  Irritant  Action. — We  have  already  spoken 
of  the  means  whereby  the  action  of  certain  subordinate  irritants 
is  abolished,  but  no  mention  has  been  made  of  the  means 
whereby  the  action  of  the  primary  irritant  is  arrested.  In  this 
connection  all  consideration  of  organised  irritants  will  be 
omitted,  as  the  manner  in  which  the  cells  and  the  fluids  of  the 
body  deal  with  bacteria  must  be  discussed  in  full  in  a  later 
chapter.  But  in  the  case  of  unorganised  irritants  the  matter  is 
simpler  and  may  conveniently  be  considered  here. 
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The  process  differs  somewhat  according  to  the  nature  of  the 
irritant  in  question,  but  the  means  whereby  the  end  is  attained 
almost  invariably  consists  essentially  in  the  exudation  of  a 
coagulable  fluid  and  the  migration  and  proliferation  of  wander- 
ing cells. 

(a)  Dilution. — Without  entering  at  present  into  the  question 
whether  the  phenomena  of  inflammation  are  purposeful  or  no, 
there  can  be  no  doubt,  for  example,  that  the  irritant  action  of 
liquor  epispasticus  applied  to  the  surface  of  the  body  is  arrested 
or  diminished  by  the  output  of  that  large  quantity  of  fluid 
which  characterises  inflammation  caused  by  this  agent.  So, 
too,  the  exudation  which  takes  place  into  the  peritoneal  canity 
whenever  a  concentrated  solution  is  injected  into  it,  dilutes  that 
solution  and  renders  it  less  irritating ;  and  the  exudation  poured 
out  into  the  bronchi  after  an  irritating  gas  has  been  inhaled, 
protects  the  epithelium  from  the  further  action  of  that  gas. 
But  the  exudation  does  not  only  arrest  or  diminish  the  action 
of  irritants  in  these  ways,  it  may  also  coagulate,  and,  to  a  large 
extent,  localise  the  irritant.  It  is  by  no  means  rare  to  find  a 
collection  of  inflammatory  material  in  the  pleural  or  the  peri- 
toneal cavity  shut  off  from  the  main  cavity  by  a  layer  of  fibrin  ; 
and  the  wall  of  an  acute  abscess  really  constitutes  a  barrier — 
largely  composed  of  coagulated  exudation — against  the  extension 
of  the  irritant  which  called  forth  the  inflammation. 

(b)  Removal. — When  the  irritant  is  solid,  and  in  particular 
when  it  is  insoluble  in  the  slightly  alkaline,  saline,  and  albumin- 
ous lymph,  it  acts  in  a  mechanical  manner,  and  its  action  is 
diminished  or  arrested  in  other  ways.  If  it  is  of  such  a  kind 
that  it  can  be  broken  up  by  phagocytes,  it  gradually  becomes 
removed  by  these  cells.  It  has  been  shown  by  Knud  Faber  that 
small  masses  of  agar-agar  impregnated  with  carmine  particles 
are  thus  broken  up  and  removed,  phagocytic  cells  being  found 
which  enclose  particles  of  the  impregnated  substance.  When 
such  a  substance  as  ivory  or  bone  is  the  irritant  it  is  re- 
moved (in  whole  or  in  part)  also  by  phagocytic  action ;  the 
acid  reaction  which  is  developed  in  protozoa  as  the  result  of 
contact  with  foreign  particles  renders  solution  of  the  cal- 
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careous  matrix  intelligible,  and  the  organic  matrix  of  these 
substances  is  susceptible  of  peptonisation. 

There  is  no  difficulty  in  understanding  how  the  removal  of 
small  particles  of  bone  or  ivory  from  the  chief  mass  can  be 
brought  about,  but  though  it  is  certain  that  the  chief  mass  of 
agar-agar  is  slowly  broken  up,  the  steps  which  precede  engloba- 
tion  by  leucocytes  are  quite  unknown.  Agar-agar  cannot  be 
peptonised,  and  exposure  to  a  temperature  of  100°  C.  is  the  only 
known  method  whereby  solid  agar-agar  can  be  liquefied.  For 
the  same  reason  the  ultimate  fate  of  the  masses  of  agar-agar 
within  the  cells  is  equally  unknown,  but  the  fact  that  granules 
of  pigment  are  found  free  in  the  cells  shows  that  in  some 
manner  the  agar-agar  becomes  dissolved. 

(c)  Encapsulation. — If  an  irritant  be  completely  insoluble, 
and  therefore  only  act  mechanically,  it  is  very  common  for  its 
action  to  be  arrested  by  the  process  known  as  "  encapsulation." 
When  encapsulation  is  complete,  the  foreign  body  is  surrounded 
by  a  definite  capsule  of  fibrous  tissue,  which  is  formed  by  a 
process  identical  with  that  which  constitutes  repair.  But  at 
an  early  stage  movement  of  the  foreign  body  may  be  hindered 
only  by  fibrin  formed  in  the  inflammatory  exudation,  etc.,  in 
which  the  foreign  body  lies.  Sometimes,  however,  no  recog- 
nisable change  of  any  kind  is  produced;  after  injection  of 
powdered  glass  into  the  pleural  cavity  of  a  guinea-pig  under 
strict  aseptic  conditions,  this  is  not  infrequently  the  case,  and 
in  particular  the  absence  of  discoverable  inflammatory  pheno- 
mena is  remarkable.1  A  fibrous  capsule  is  also  sometimes 
formed  around  a  mass  of  degenerated  tissue  when  that  mass 
is  large  and  aseptic.  Non-malignant  tumours  situated  in  the 
depth  of  an  organ  are  always  surrounded  by  a  fibrous  capsule 
of  greater  or  lesser  density.  When  the  irritant  is  an  animal 
parasite  (hydatid,  Trichina  spiralis),  it  is  often  encapsuled, 
and  by  deposition  of  calcium  salts  in  the  fibrous  capsule  it 
may  ultimately  become  enclosed  in  a  calcareous  case. 

(d)  Solution. — In  the  case  of  certain  irritants  solidity  is  a 

1  Observations  by  Drs  X  Lorrain  Smith  and  E.  G.  Trevethick  (Report,  Brit. 
Assoc.  for  Adv.  of  Sci. ,  1894). 
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relative  term,  and  solubility  or  insolubility  depends  upon  cir- 
cumstances. A  living  amoeba  may  be  called  a  solid  body,  and  it 
maintains  its  identity  in  the  fluid  in  which  it  is  suspended,  but 
the  same  amoeba  when  dead  dissolves  readily  in  the  same  fluid. 
It  is  highly  possible  that  the  action  of  solid  irritants  of  this 
kind,  whether  primary,  such  as  bacteria,  or  subordinate,  such  as 
leucocytes,  is  in  part  arrested  or  diminished  after  death  of  the 
organism  by  a  direct  solution  in  the  exudation  fluid. 

(e)  Other  Methods. — There  is  reason  to  believe,  further,  that 
the  pain,  the  increase  of  temperature,  the  impairment  of 
function,  which  accompany  inflammation  are  also  at  times 
means  whereby  the  action  of  irritants  is  arrested  or  diminished, 
though  at  the  same  time  it  must  not  be  forgotten  that 
these  same  factors  are  not  infrequently  themselves  sources 
of  irritation.  When  a  bone  is  broken,  for  example,  the 
pain  which  is  induced  by  movement,  and  the  diminished 
advantage  at  which  the  muscles  connected  with  the  bone 
act,  are  means  whereby  such  irritant  as  is  afforded  by 
movement  is  diminished.  So,  too,  in  acute  peritonitis  we  have 
a  very  well-marked  example  of  this  condition.  The  pain,  or,  at 
all  events,  the  stimulation  of  afferent  nerve-fibres  in  the  peri- 
toneum, is  such  that  abdominal  movements  connected  with 
respiration  are  completely  inhibited ;  when  pain  is  relieved 
by  the  administration  of  opium  in  large  doses,  though  the  peri- 
tonitis itself  is  unaltered,  the  abdominal  respiratory  movements 
reappear. 

With  regard  to  increased  temperature,  the  matter  is  more 
difficult,  though  it  is  known  that  the  growth  of  almost  all 
pathogenetic  micro-organisms  is  impaired  by  temperatures  above 
about  37*  C.  We  shall  see  when  we  come  to  discuss  fever  that 
one  view  of  the  process  is  that  it  is  a  natural  endeavour  on  the 
part  of  the  body  to  inhibit  the  growth  of  invading  micro- 
organisms and  to  destroy  the  toxins  which  they  produce. 

III.  Conditions  necessary  for  Repair. — (i.)  Absence  of 
Irritant  Action  and  Inflammation. — In  considering  repair, 
though  no  doubt  the  line  is  a  hard  one  to  draw,  it  must 
clearly  be  recognised  that  repair  in  any  part  essentially  depends 
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upon  the  action  of  a  factor  x,  the  intensity  of  which  is  insuffi- 
cient to  cause  inflammation  in  that  part.  In  other  words, 
repair  is  the  result  of  tissue  stimulation  and  not  of  tissue  irrita- 
tion. That  x  may  be  a  stimulus  in  one  case  and  an  irritant  in 
another  case  is  clear  :  the  pressure  which,  acting  on  skin,  simply 
leads  to  proliferation  of  epidermis  and  the  formation  of  a  callosity, 
would,  if  acting  on  the  cornea,  lead  to  severe  inflammation  and 
necrosis.  It  follows  from  this  that  the  effects  produced  by  x 
upon  a  given  cell  depends  upon  its  intensity.  It  cannot  act 
upon  the  same  cell  at  the  same  time  both  as  an  irritant  and 
as  a  stimulus,  for  the  results  of  its  action  as  an  irritant  are 
degenerative,  while  the  results  of  its  action  as  a  stimulus  are 
proliferative.  The  cell's  growth  may  either  be  enhanced  or  it 
may  be  impaired,  but  both  events  cannot  take  place  at  the  same 
time.  We  may  therefore  say  that  inflammatory  changes  must 
be  absent  from  the  seat  of  repair. 

Nevertheless  inflammation  in  one  place  must,  at  least 
theoretically,  always  be  associated  with  repair  at  another.  For 
the  action  of  any  irritant  becomes  gradually  weaker  the  further 
one  proceeds  from  the  seat  of  application  of  the  irritant,  and 
hence  it  follows  that  at  some  point  on  the  periphery  the  irritant 
merges  into  a  stimulus,  and  the  degenerative  changes  of  inflam- 
mation merge  into  the  proliferative  changes  of  repair,  always 
assuming  that  the  tissues  are  capable  of  responding  to  the  stimu- 
lus. So  also,  since  an  irritant  which  leads  to  inflammation  must, 
during  the  retrogressive  processes  which  constitute  resolution,  at 
some  time  or  other  be  weakened  to  such  an  extent  that  it  no 
longer  acts  as  an  irritant  but  as  a  stimulus,  it  follows  that  the 
subsidence  of  an  inflammation  must  of  necessity  be  accompanied 
by  repair.  As  has  already  been  said,  resolution  and  repair  go 
hand  in  hand. 

The  statement  that  inflammatory  changes  must  be  absent 
from  the  seat  of  repair  requires  a  little  closer  examination. 
For  nothing  is  commoner  in  any  microscopical  specimen  of 
chronic  inflammation  than  to  find  evidence  of  repair  and  of 
acute  inflammation  side  by  side.  Thus,  in  a  mass  of  cicatricial 
tissue  which  is  filling  up  the  space  left  in  a  lung  after  a  focus 
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of  tubercular  inflammation  has  broken  down,  agglomerations  of 
leucocytes  indicative  of  acute  inflammation  are  frequently  seen, 
so  that  almost  in  the  same  microscopic  field  one  may  have 
inflammation  and  repair  side  by  side.  But  they  are  never 
present  together  at  one  and  the  same  spot.  Again,  it  is  not  un- 
common to  find  that  tissue  which  is  on  the  way  to  repair  has 
itself  become  inflamed,  and  in  this  case,  reparative  changes  and 
inflammatory  changes  are  apparently  commingled.  But  that 
this  is  not  really  the  case  can  usually  be  seen  on  careful 
examination  of  the  proliferated  cells,  for  in  them  degenerative 
changes  are  generally  recognisable;  in  spite  of  the  apparent 
coincidence,  inflammation  is  the  only  process  at  work. 

It  is  because  such  appearances  as  those  described  in  the  last 
paragraph  are  common,  and  because  on  the  outskirts  of  an  area 
of  inflammation,  proliferative  changes  of  cells  are  evident  almost 
at  the  moment  when  inflammation  commences,  that  proliferative 
changes  are  regarded  by  some  authors  as  a  part  of  inflammation. 
Nevertheless  any  granulating  wound  shows  that  repair  is  most 
advanced  where  the  irritant  acts  with  least  intensity,  or,  in 
other  words,  where  the  irritant  becomes  merged  into  a  stimulus, 
that  repair  is  less  and  less  "advanced  as  one  proceeds  towards 
the  part  where  the  irritant  acts  with  greater  and  greater 
intensity,  and  that  immediately  beneath  the  free  surface  of 
the  wound  where  the  irritant  is  most  intense,  and  where  the 
inflammation,  as  evidenced  by  haemorrhage,  by  exudation,  by 
migration,  is  acutest,  repair  is  completely  absent.  These  facts, 
coupled  with  the  fact  that  proliferation  of  cells  in  normal 
physiological  life  is  a  process  quite  independent  of  inflamma- 
tion, seem  to  indicate  that  the  cell  proliferation  which  occurs 
after  a  part  has  been  subjected  to  the  action  of  an  irritant,  is 
of  itself  a  separate  process  from  the  true  inflammatory  process. 

From  a  histological  point  of  view,  the  distinction  is  perhaps 
a  small  one,  but  therapeutically  at  all  events,  recognition  of  the 
fact  that  repair  at  any  spot  is  dependent  upon  the  cessation  of 
irritation  at  that  spot  is  of  great  importance. 

(ii.)  Presence  of  a  Stimulus. — Now,  though  repair  depends 
upon  the  cessation  of  irritation,  it  depends  equally  upon  the 
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maintenance  of  a  stimulus  to  cell  proliferation  :  when  a 
stimulus  is  wanting,  repair  comes  to  a  standstill.  This  con- 
dition may  be  seen  in  the  case  of  an  indolent  ulcer,  which  for 
weeks  or  months  may  show  no  attempt  at  repair.  The  treat- 
ment for  such  an  ulcer  is  the  local  application  of  some  mild 
caustic,  for  the  surgeon  knows  that  such  cell  destruction  to  the 
superficial  part  of  the  sore  as  results  from  application  of  the 
caustic  is  more  than  counterbalanced  by  the  cell  proliferation 
which  that  caustic  induces  in  parts  at  a  distance  from  the 
surface.  He  procures  inflammation,  not  because  inflammation 
repairs  the  wound  directly,  for  inflammation  causes  a  greater 
wound  at  first,  but  because  every  inflammation  as  it  subsides 
brings  repair  in  its  train. 

(iii.)  Increased  Nutriment. — For  the  occurrence  of  repair, 
besides  the  existence  of  a  stimulus  to  cell  proliferation  there  is 
also  the  necessity  for  the  supply  of  an  increased  amount  of 
nutritive  material.  This  indeed  is  but  one  of  the  laws  of  growth 
under  all  conditions.  Since  active  hyperemia  and  increased 
output  of  lymph  are,  under  normal  circumstances,  the  means 
whereby  increased  amount  of  nutriment  is  brought  to  tissues 
which  are  in  need  of  such  increased  nutriment,  we  must  assume 
that  the  inflammatory  exudation  is  the  chief,  though  perhaps 
not  the  only  source  of  the  nutriment  which  is  supplied  to  the 
cells  whose  proliferation  constitutes  the  first  stage  in  repair.  By 
some  authors  it  is  held  that  the  fibrin  network  formed  in  the 
exudation,  or  even  some  of  the  migratory  cells  first  appearing  at 
the  seat  of  inflammation  (finely  and  coarsely  granular  oxyphil 
cells),  also  subserve  the  same  purpose,  and  there  is  no  doubt  that 
the  young  connective  tissue  and  endothelial  cells  of  which  repara- 
tive tissue  is  composed  possess  phagocytic  powers.  But,  as  in  the 
case  of  all  phagocytes,  there  is  a  doubt  whether  the  function  is 
nutritive  or  scavenging. 

(iv.)  Capability  of  Cells  for  Division. — For  the  occurrence 
of  repair  yet  another  factor  must  be  present.  It  is  essential 
that  the  cells  upon  which  the  stimulus  acts  shall  be  capable 
of  division.  This  point  is  so  obvious  that  it  calls  for  no 
further  remark,  but  the  absence  of  repair  in  certain  cases 
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of  inflammation  depends  apparently  upon  the  absence  of  this 
factor.1 

For  the  occurrence  of  repair,  therefore,  at  any  spot,  four  con- 
ditions must  be  satisfied  : — 

(i.)  Irritant  action,  and  therefore  inflammation,  must  be 

absent  from  the  spot, 
(ii.)  A  stimulus  to  ceil  proliferation  must  be  present, 
(iii.)  There  must  be  a  sufficient  supply  of  nutrient  material  at 
hand. 

(iv.)  The  cells  upon  which  the  stimulus  acts  must  be  capable 
of  proliferation. 

Now,  if  we  imagine  heat  of  60°  C.  to  be  applied  for  three 
minutes  to  the  healthy  skin  of  any  part  over  the  area  of  a 
circle  whose  radius  is  1  centimetre,  we  shall  find  that  these  four 
conditions  obtain  at  a  certain  distance  from  the  periphery  of  the 
focus  of  inflammation,  and  the  same  would  be  true  if  the  radius 
of  the  circle  had  been  2  centimetres  instead  of  1  centimetre, 
excepting  that  the  two  peripheral  regions  of  potential  repair 
would  not  coincide.  Moreover,  if  after  heat  has  been  applied 
over  the  area  of  a  circle  whose  radius  is  1  centimetre,  and  its 
results  have  become  manifest,  heat  be  applied  over  the  area  of 
a  concentric  circle  whose  radius  is  2  centimetres,  it  is  obvious 
that  the  zone  of  potential  repair  formed  at  first  will  become 
merged  in  the  inflammatory  region  caused  by  the  second 
application  of  heat.  But  there  will  still  be  found  a  zone  of 
potential  repair  at  the  periphery  of  the  larger  circle.  Eepeated 
applications  of  heat  in  ever  widening  circles  will  always  produce 
the  same  results — inclusion  of  what  was  earlier  the  reparative 
zone  in  what  is  now  the  inflammatory  region,  appearance  of  a 
fresh  reparative  zone  in  what  was  earlier  normal  skin — until  no 
normal  skin  is  longer  available.  These  imaginary  cases  are 
types  of  the  conditions  that  obtain  when  an  irritant,  organised 
or  unorganised,  acts  locally.  Leaving  exceptional  cases  out  of 
consideration  for  the  present,  we  may  say  that  around  every 
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inflammatory  focus  there  is  a  zone  in  which  the  conditions 
necessary  for  repair  are  satisfied.  It  is  quite  immaterial 
whether  the  irritant  is  organised  or  unorganised,  whether  it 
spreads  or  is  localised,  whether  it  has  acted  for  a  longer  or  for 
a  shorter  time,  whether  its  intensity  is  greater  or  less.  These 
factors  modify  the  extent  of  the  inflammation,  the  extent  of 
tissue-disorganisation,  the  size  of  the  area  over  which  repair  will 
be  necessary,  the  distance  from  the  centre  of  the  focus  of  irritant 
action  at  which  the  zone  of  potential  repair  shall  be  situated,  and 
so  on,  but  such  a  zone  exists  whatever  the  character  of  the  irritant. 
In  the  same  way  the  conversion  of  this  zone  of  potential  repair 
into  a  zone  of  actual  repair  is  independent  of  every  consideration 
save  that  it  itself  should  not  fall  under  the  sway  of  an  irritant. 

Apart  from  the  last-mentioned  contingency,  the  condition  of 
the  tissue  cells  liable  to  proliferation  in  reparative  zones  is 
always  the  same,  so  that,  whatever  the  pathological  sequels  may 
have  been  in  parts  other  than  the  reparative  zone,  in  this  region 
the  same  changes  always  take  place.  Hence  the  essential 
phenomena  of  repair  are  everywhere  identical.  Inflammation 
may  be  followed  by  abscess-formation,  by  ulceration,  by 
gangrene,  or  by  none  of  these,  but  a  zone  of  potential  repair  is 
formed  in  each  case  alike,  and  if  the  potential  repair  becomes 
definitive,  the  kind  of  tissue  which  is  produced  is  the  same 
whatever  may  have  been  the  type  of  the  inflammation  that 
preceded  it. 

Two  reservations,  however,  are  necessary.  Where  the  condi- 
tions of  repair  involve  layers  of  epithelium  in  addition  to  deeper 
structures,  or  to  their  exclusion,  the  phenomena  accompanying 
epithelial  repair  are  superadded  to  the  other  changes  or  consti- 
tute the  whole  of  repair,  respectively.  But  with  these  exceptions 
the  statement  is  true  that  repair  tissue  and  the  phenomena  of 
repair  under  all  conditions  are  essentially  the  same. 

Now  it  has  been  said  above  that  when  the  irritant  does  not 
cease  to  act  the  sequels  of  inflammation  are  pathological.  But 
it  is  obviously  possible  that  an  irritant  may  cease  to  act  after 
it  has  led  to  pathological  sequels  of  inflammation,  and  therefore 
that  the  pathological  sequels  may  themselves  be  followed  by 
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physiological  sequels  taking  place  in  parts  whose  vitality  has 
not  been  irreparably  lowered  by  the  persistence  of  irritant  action. 
As  a  matter  of  fact  this  sequence  of  events  is  exceedingly 
common.  Eepair  occurring  under  such  conditions,  however, 
is  generally  complicated  in  some  degree  by  the  pathological 
sequels  taking  place  in  the  neighbourhood.  For  this  reason 
repair  following  obvious  pathological  sequels  of  inflammation 
was  long  regarded  as  differing  in  kind  from  repair  taking  place 
in  the  absence  of  obvious  pathological  sequels.  Though  this  is 
certainly  not  the  case,  it  will  be  advisable  to  delay  the  detailed 
discussion  of  repair  generally  until  the  pathological  sequels  of 
inflammation  have  been  considered. 

IV.  The  Pathological  Sequels  of  Inflammation. — Since 
the  pathological  sequels  of  inflammation  are  due  to  the  per- 
sistence of  irritant  action,  it  follows  that  the  factors  which  lead 
to  these  sequels  are  primarily  the  conditions  which  obtain  in 
inflammation  itself.  In  this  part  of  the  subject,  therefore,  we 
shall  have  to  deal  with  excessive  destruction  of  tissue  elements, 
excessive  exudation  of  fluid,  excessive  migration  of  wandering- 
cells.  Now  the  persistence  of  irritant  action  may  depend 
either  upon  some  peculiarity  of  the  irritant  itself  or  upon 
some  peculiarity  of  the  tissues  upon  which  the  irritant  acts. 
As  examples  of  the  first  condition  may  be  given  the  pyogenetic 
bacteria  generally.  By  their  powers  of  multiplication  in  the 
tissues  and  of  forming  specific  toxins,  they  have  a  greater 
natural  tendency  to  cause  persistence  of  inflammation  than 
irritants  such  as  aseptic  incisions,  the  duration  of  whose  irritant 
action  is  more  or  less  limited.  As  an  example  of  the  second 
condition  may  be  mentioned  the  different  manner  in  which 
diabetic,  alcoholic,  or  albuminuric  patients  react  to  a  given 
irritant  as  compared  with  the  manner  in  which  a  healthy 
person  reacts  to  the  same  irritant.  Thus  pneumonia  in  a 
previously  healthy  person  will  probably  end  by  simple  resolu- 
tion and  recovery,  whereas  in  a  drunkard  it  is  not  unlikely  to 
end  fatally  perhaps  after  the  supervention  of  abscess  or  gangrene 
of  the  lung. 

All  the  pathological   sequels   of  inflammation  are   of  a 
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degenerative  type,  and  in  all  of  them  death  occurs  whether 
of  individual  cells  or  of  whole  masses  of  tissue.  This  is  only 
what  might  be  expected,  since  they  depend  upon  the  persistence 
of  irritant  action,  which  of  itself  induces  inflammatory  degen- 
erative changes.  So  also  one  can  infer  from  the  persistence  of 
the  irritant  action  that  in  the  pathological  sequels,  degenerative 
changes  play  a  far  more  prominent  part  than  in  cases  of  inflamma- 
tion where  irritant  action  does  not  persist.  But  there  is  no  real 
line  of  demarcation  between  "  inflammation "  and  the  "  patho- 
logical sequels  of  inflammation,"  just  as  there  is  no  real  line  of 
demarcation  between  "  action  of  an  irritant "  and  "  continued 
action  of  an  irritant";  we  shall  therefore  find  that  whatever 
may  be  the  macroscopic  peculiarities  of  the  pathological  sequels 
of  inflammation,  microscopically  and  essentially  the  patho- 
logical sequels  are  only  exaggerations  of  the  same  processes 
that  occur  in  the  simplest  inflammation.  There  is,  consequently, 
the  widest  antagonism  between  the  pathological  and  the  physio- 
logical sequels  of  inflammation. 

The  conditions  about  to  be  described  may  be  included  under 
the  two  following  headings :  (A)  Suppuration  and  abscess- 
formation  ;  (B)  Gangrene  and  necrosis  in  their  various  forms. 

(A)  Suppuration  and  Abscess- Formation. — Suppura- 
tion and  abscess-formation  essentially  consist  in  the  production, 
as  the  result  of  continued  irritant  action,  of  the  fluid  called  "  pus." 
It  will  be  well  first  to  describe  the  characters  of  pus  and  after- 
wards to  discuss  the  conditions  of  its  formation. 

(i.)  The  Characters  of  Pus. — In  its  simplest  form  pus  is  a 
fluid,  creamy  both  in  colour  and  in  consistency,  with  a  mean 
specific  gravity  of  1030-1033,  an  alkaline,  but,  according  to 
Ewald,  not  infrequently  an  acid  reaction,  and  a  faint  mawkish 
odour.  In  the  vast  majority  of  cases  it  does  not  coagulate 
spontaneously,  but  if  allowed  to  stand  it  separates  into  two 
layers.  The  upper  of  these  is  known  as  "  liquor  puris  "  ;  it  is  a 
transparent,  colourless  or  straw-coloured  fluid,  and  resembles 
blood-serum.  The  lower  layer  is  opaque  and  holds  the  suspended 
solid  elements  of  the  pus.  Liquor  puris  chemically  is  an  albu- 
minous fluid  closely  similar,  so  far  as  its  saline  constituents  are 
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concerned,  to  blood-serum  and  lymph.  It  contains  6*7  per  cent, 
of  proteid,  or  slightly  less  proteid  than  blood-serum,  but  it  con- 
tains a  larger  amount  of  cholesterin.  Nitrogenous  extractives, 
such  as  leucin  and  tyrosin,  and  albumoses  are  also  found  in 
liquor  pur  is.  It  is  perhaps  owing  to  the  presence  of  albumoses 
in  pus,  and  to  the  power  possessed  by  many  of  these  substances 
of  inhibiting  coagulation  that  the  absence  of  auto -coagulability 
of  pus  is  due.  As  we  shall  see,  however,  this  is  not  the  only 
possible  explanation  of  the  fact.  A  large  quantity  of  mucus  is 
also  present,  and  the  "  ropiness  "  which  this  substance  shows  on 
addition  of  caustic  potash  is  used  as  one  of  the  tests  for  pus. 
So  far  as  the  above  characteristics  are  concerned,  there  is  but 
little  difference  whether  the  pus  has  been  derived  from  an 
"  acute  "  or  from  a  "  cold  "  abscess,  but  with  regard  to  the  deposit 
from  pus,  the  difference  in  the  two  cases  is  marked. 

If  the  pus  come  from  an  acute  abscess,  the  deposit  consists  of 
colourless  round  cells  whose  outline  is  well  denned,  whose  proto- 
plasm is  generally  granular,  and  whose  nucleus  is  generally  either 
multipartite  or  multiple.  If  the  cells  be  examined  on  the  warm 
stage,  it  will  commonly  be  found  that  a  large  number  of  them 
show  amoeboid  movements.  The  granules  in  the  cell  protoplasm 
are  not  stained  by  osmic  acid  and  are  dissolved  very  readily 
by  acetic  acid ;  they  are  therefore  not  fat,  a  matter  of  some  im- 
portance in  view  of  the  fact  that  pus-cells  are  very  liable  to 
undergo  fatty  change. 

If  the  pus  come  from  a  cold  or  chronic  abscess  the  deposit 
often  does  not  show  the  presence  of  a  single  cell,  but,  on  the  con- 
trary, consists  of  granular  amorphous  debris.  Some  of  the  larger 
masses  of  debris  show  signs  of  fatty  change  and  the  liquor  puris 
may  contain  free  fat  globules.  These  points,  taken  in  conjunc- 
tion with  the  fact  that  in  less  completely  disintegrated  pus,  pus- 
cells  are  frequently  found  containing  definite  fat  droplets,  suggests 
that  the  debris  really  consists  of  broken  down  and  fattily  de- 
generated pus-corpuscles.  It  is  well  in  accordance  with  this  view 
that  an  amorphous  deposit  from  pus  is  associated  with  chronicity 
of  the  abscess. 

Taking  pus  as  described  above  we  find  that  it  may  show  many 
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differences  and  may  undergo  many  changes.  Instead  of  being 
"creamy"  and  having  a  specific  gravity  of  1032  it  may  be 
"watery"  and  have  a  specific  gravity  of,  perhaps,  1020;  under 
these  conditions  cells  are  scantily  present.  Or  it  may  be  mixed 
with  blood  so  that  its  colour  may  vary  from  pink  to  bright  red  or 
from  pale  brown  to  a  deep  chocolate.  When  an  abscess  con- 
tains much  blood,  the  blood  may  be  present  in  altered  coagula  so 
that  the  pus  has  a  grumous  appearance,  or  it  may  be  evenly  dis- 
tributed throughout  the  fluid.  According  to  these  differences  in 
macroscopic  appearances  the  microscopic  characters  of  the  pus 
will  differ  also ;  in  one  case  apparently  normal  red  blood-cor- 
puscles may  be  present,  in  another  only  granules  of  blood- 
pigment  and  disintegrated  fibrin.  Under  certain  circumstances 
pus  may  be  distinctly  green  in  colour. 

The  odour  of  pus  also  varies.  Though  commonly  it  has  a 
mawkish  smell  only,  when  it  is  associated  with  disease  of  the 
middle  ear,  as  in  many  cerebral  abscesses,  it  is  generally  foetid  and 
often  so  to  an  extreme  degree.  Collections  of  pus  yielding  this 
fcetor  have  undergone  putrefactive  changes.  Collections  of  pus 
in  the  neighbourhood  of  the  intestinal  tract,  even  when  they 
have  no  obvious  connection  with  the  bowel,  almost  invariably 
have  a  foecal  odour.  In  some  cases  putrefactive  changes  in  pus 
are  associated  with  the  evolution  of  considerable  quantities  of  gas. 

Sources  of  Liquor  Pur  is  and  Pus-corpuscles. — When  we  con- 
sider that  suppuration  is  one  of  the  results  of  persistent 
irritant  action,  that  the  liquor  puris  is  practically  identical 
with  blood-plasma  in  its  composition  and  characters,  that 
pus-cells  are  amoeboid,  granular,  and  multinuclear  colourless 
cells,  and  that  in  inflammation  exudation  of  fluid  occurs  along 
with  migration  of  leucocytes,  particularly  of  the  finely  granular 
oxyphil  type,  it  is  almost  impossible  to  resist  the  conclusion  that 
liquor  puris  is  liquor  sanguinis,  though  no  doubt  somewhat  altered 
in  composition,  and  that  pus-corpuscles  are  migrated  leucocytes. 
Irresistible  as  this  conclusion  seems,  when  it  was  first  put  forward 
by  Cohnheim  it  met  with  violent  opposition,  notably  at  the  hands 
of  Strieker.  It  would  not  be  profitable  after  these  years  to  enter 
into  the  details  of  the  controversy,  but  the  view  maintained  by 
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Strieker  was  that,  as  the  result  of  irritant  action,  tissue  elements 
of  all  kinds  revert  to  their  embryological  condition.  He  there- 
fore regarded  pus-corpuscles  as  being  modified  tissue-cells.  At  the 
present  time  it  is  generally  held  that  the  greater  number  of  pus- 
cells  are  derived  from  the  blood;  but  there  is  growing  up  a 
tendency  to  look  upon  some  pus-cells  as  direct  derivatives  of 
wandering  cells  found  in  connective  tissue,  and  if  this  view  be 
correct,  Strieker's  contention  must  to  some,  though  to  a  greatly 
modified  extent,  be  accepted.  Until  recently  Cohnheim's  view, 
that  all  pus-cells  are  derived  from  the  blood,  was  alone  received 
by  almost  all  authorities. 

The  view  that  pus-corpuscles  are  in  the  main  haemal  wander- 
ing cells  derives  support  from  examination  of  pus  stained  after 
the  methods  originated  by  Ehrlich  in  his  work  upon  leucocytes. 
The  greater  number  of  pus-cells  in  an  acute  abscess  are  leucocytes 
of  the  finely  granular  oxyphil  (neutrophil,  polynuclear)  type, 
but  coarsely  granular  oxyphil  (eosinophil)  cells,  and  hyaline 
cells  of  different  sizes  (the  mononuclear  cells  of  Continental 
writers)  are  also  to  be  found,  the  latter  not  infrequently 
in  considerable  numbers.  The  proportion  of  finely  granular 
oxyphil  cells  is  greater  and  of  hyaline  cells  is  less  the  earlier 
in  the  suppurative  process  the  pus  is  examined ;  the  exact 
converse  is  also  true.  These  statements,  however,  are  only 
general,  as  there  is  the  greatest  diversity  in  the  nature  of  the 
cells  present  in  pus. 

With  regard  to  the  origin  of  cells  in  pus  other  than  oxyphil 
cells  (that  is  to  say,  the  cells  which  have  been  grouped  together 
above  as  "  hyaline  ")  our  information  is  very  meagre.  It  is  quite 
unknown  whether  they  are  of  blood  or  of  tissue  origin,  though 
the  latter  is  most  probably  the  case;  if  derived  from  tissues, 
whether  they  are  derived  from  connective  tissue  corpuscles  or 
from  endothelial  cells ;  whether  they  correspond,  as  their  micro- 
scopical characters  in  most  cases  would  suggest,  with  the  cells 
known  as  lymphocytes;  whether  they  are  pre-existing  cells  or 
are  descendants  of  pre-existing  cells  that  have  proliferated  owing 
to  stimulant  action  of  the  irritant ;  or  indeed  whether  they  own 
a  single  origin  at  all.    Practically  all  that  is  known  concerning 
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them  is  that  they  are  phagocytic  (a  fact  against  the  idea  that 
they  are  lymphocytes)  and  that  they  usually  appear  on  the  scene 
later  than  the  granular  oxyphil  cells. 

The  irregular  forms  shown  by  the  nuclei  of  the  finely  granular 
cells  in  pus  probably  depend  upon  fixation  of  the  cells  while  they 
were  still  in  active  amoeboid  movement,  for  the  nucleus  of  an 
amoeboid  cell  to  some  degree  participates  in  the  alterations  in 
shape  of  the  cell  itself.  Multiplicity  of  nuclei  in  a  pus-cell  is  to 
be  regarded  as  a  sign  of  degeneration  or  disintegration  of  the 
nucleus  and  not  of  proliferation.  That  considerable  amoeboid 
movement  may  be  associated  with  commencing  degeneration  of 
cells  is  also  shown  by  the  movements  which  take  place  in  red 
blood- corpuscles  when  they  are  about  to  undergo  Maragliano's 
degeneration  (cf.  p.  147).  The  nucleus  of  hyaline  cells  in  pus  is 
commonly  circular  or  oval  and  these  nuclei  stain  far  more  feebly 
than  do  the  nuclei  of  the  granular  oxyphil  cells.1 

(ii.)  Abscess.  —  When  collections  of  pus  occur  in  the 
middle  of  organs  or  of  complex  tissues,  or  when  they  are  local- 
ised in  some  definite  portion  of  a  natural  cavity  in  the  body,  they 
are  generally  known  as  abscesses,  but  when  they  are  more  or  less 
free  in  pre-existing  cavities,  they  sometimes  receive  special 
names.  Thus,  a  collection  of  pus  in  the  pleural  cavity  is  known 
as  an  "  empyema,"  in  the  pericardial  cavity  as  a  "  pyoperi- 
cardium,"  in  a  Fallopian  tube  as  a  "  pyosalpinx,"  in  a  dilated 
pelvis  of  the  kidney  as  a  "  pyonephrosis,"  in  the  anterior  chamber 
of  the  eye  as  "  hypopyon."  Whitlows,  boils,  furuncles,  and  car- 
buncles are  names  for  varieties  of  suppurative  inflammation 
affecting  the  subcutaneous  connective  tissues  or  structures  lying 
in  them.  Even  clinically  they  are  closely  allied  to  abscesses  ; 
pathologically  their   mode   of   formation   is  identical.  For 

1  Janowski  believes  that  every  suppuration  begins  by  a  collection  of  mono- 
nuclear cells  at  the  stimulated  spot.  These  become  converted  into  polynuclear 
cells  partly  in  the  tissues  where  they  are  most  powerfully  stimulated,  partly  in 
pus  itself ;  consequently  in  every  fresh  pus  there  is  a  certain  number  of  mono- 
nuclear cells,  but  the  number  decreases  with  the  age  of  the  pus  until  at  last  none 
are  left,  while  at  the  same  time  the  number  of  polynuclear  cells  increases.  With 
increase  of  cell  nuclei  there  is  also  a  new  formation  of  (generally)  fine  or  (rarely) 
coarse  eosinophil  granules.  Later  the  granulation  disappears  and  the  cells  and 
nuclei  degenerate. 
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their  characteristics  special  works  on  surgery  must  be  con- 
sulted. 

Pus-formation,  however,  need  not  lead  to  the  collection  of 
pus  into  an  abscess ;  the  pus  may  be  discharged  as  quickly  as 
it  is  formed.  Examples  of  this  condition  are  seen  in  ordinary 
superficial  suppurating  wounds  and  ulcers,  and  in  gonorrhoea 
and  dysentery. 

When  an  abscess  is  being  formed  at  any  spot  the  pus  which  it 
contains  is  pent  up  under  a  greater  or  less  degree  of  pressure, 
which  of  course  causes  the  surrounding  tissues  to  yield  most 
where  their  resistance  is  the  least.  An  abscess,  therefore,  tends 
to  "  point "  in  some  one  direction,  and  the  pointing  is  in  the 
direction  of  least  resistance.  This  law  explains  the  fact  that  an 
abscess  invading  the  psoas  muscle  commonly  points  somewhere 
in  the  thigh,  as  well  as  the  fact  that  a  subcutaneous  abscess  bursts 
through  the  skin. 

(a)  Mode  of  Formation. — The  mode  of  abscess-formation  may 
best  be  studied  by  considering  the  changes  that  occur  when  a 
septic  embolus  is  carried  to  an  organ  such  as  the  liver,  and  there 
forms  an  abscess.  At  .some  point  where  the  calibre  of  the  blood- 
vessel is  sufficiently  small,  the  embolus  which  is  circulating  in 
the  blood- stream  becomes  lodged  and  commences  to  exert  its 
irritant  action.  As  a  result  of  this  irritant  action,  inflammation 
is  set  up  in  the  wall  of  the  vessel ;  the  vasa  vasorum  dilate  and 
become  congested,  the  circulation  through  them  becomes  more 
rapid,  then  it  slackens  and  ultimately  is  arrested,  but  previous  to 
stasis,  exudation  of  fluid  and  migration  of  leucocytes  have  occurred. 
At  the  same  time  the  irritant  (bacterial  toxin)  causes  degenerative 
changes  in  the  tissue-cells  (commencing  with  the  endothelium  of 
the  blood-vessel  in  which  the  embolus  lies),  and  many  of  the 
tissue-cells  die.  Thrombosis  also  occurs  on  either  side  of  the 
embolus,  and  the  direct  effect  of  the  irritant  is  intensified  by  the 
insufficiency  of  nutriment  which  the  tissue  receives.  The  leuco- 
cytes that  have  wandered  from  the  blood-vessels  and  others  that 
have  come  from  the  tissues  collect  at  the  seat  of  irritation, 
attracted  thither  we  may  suppose  by  positive  chemiotaxis.  There 
is  thus  formed  around  the  embolus  a  mass  of  material  consisting 
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of  blood-clot  and  of  the  disorganised  elements  of  the  vessel  wall 
infiltrated  with  an  albuminous  fluid.  In  this  mass  are  also 
numbers  of  leucocytes,  of  which  some  are  living,  but  the  majority 
of  which  have  succumbed  to  the  action  of  the  toxin.  This  dead 
and  disorganising  tissue  itself  forms  an  irritant  to  surrounding- 
tissues,  but  its  importance  as  a  direct  irritant  is  small  compared 
with  its  importance  in  serving  as  material  in  which  growth  of  the 
septic  bacteria,  originally  present  only  in  the  embolus,  can  take 
place.  Finding  a  plentiful  supply  of  nutriment  and  a  suitable 
temperature,  the  bacteria  multiply  and  their  sphere  of  influence 
extends  in  all  directions,  with  the  result  that  the  inflammation 
induced  by  the  bacteria  and  their  toxin  also  extends  in  all  direc- 
tions. In  this  way  there  is  formed  a  mass  of  material  surround- 
ing the  original  embolus  which  consists  of  dead  liver  substance, 
dead  vessel  wall,  blood-clot,  etc.,  in  which  the  only  living  elements 
are  the  bacteria  and  such  leucocytes  as  have  not  succumbed  to 
the  action  of  the  toxin.  This  mass  is  (Edematous  from  the  inflam- 
matory exudation  that  has  been  poured  out,  but  very  commonly 
is  denser  than  normal  from  the  presence  of  fibrin  formed  in 
the  exudation  fluid  and  the  number  of  leucocytes  that  has 
collected  at  the  spot. 

Before  this  condition  has  lasted  very  long,  while,  indeed,  the 
preceding  changes  are  going  on,  liquefaction  of  the  doughy  mass 
commences.  Liquefaction  is  first  recognisable  in  the  very  centre 
of  the  mass ;  probably  in  the  case  of  a  septic  embolus,  it  begins 
in  the  embolus  itself.  As  the  inflammatory  infiltration  spreads, 
the  extent  of  the  liquefaction  increases,  so  that  in  a  fully 
formed  abscess  we  have  a  central  fluid  mass — the  pus — around 
which  are  arranged  zones  of  solid  material,  gradually  shading 
from  a  layer  which  is  immediately  about  to  break  down  into  pus, 
and  which  therefore  forms  the  wall  of  the  abscess,  through  a 
zone  of  inflammatory  tissue  and  a  zone  in  which  the  proliferative 
changes  of  potential  repair  are  taking  place,  to  the  normal  sub- 
stance of  the  liver. 

The  fluid  portion  of  pus  is  to  a  very  large  extent  inflammatory 
exudation  fluid,  but  the  liquefaction  of  solid  material  which  takes 
place  in  the  centre  of  a  purulent  focus  shows  that  the  exudation 
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will  not  wholly  explain  pus-formation.  There  must  be  an  actual 
solution  of  certain  solid  substances,  in  particular  the  altered 
tissue  elements  of  the  part  must  be  dissolved.  So  far  as  we  know, 
this  change  can  only  be  brought  about  by  a  process  of  digestion, 
and  for  it  a  proteolytic  ferment  is  necessary.  Some  of  the  chief 
pyogenetic  micro-organisms,  and  notably  Staphylococcus  pyogenes 
aureus,  form  a  proteolytic  ferment  as  one  of  the  products  of  their 
life-history,  and  it  is  not  difficult  to  suppose  that  in  ordinary 
abscess-formation,  which  is  most  commonly  associated  with  this 
micro-organism,  liquefaction  is  carried  out  by  a  process  of  pro- 
teolysis initiated  by  the  bacteria.  This  is  the  more  probable  as 
albumoses  similar  to  those  found  in  ordinary  proteolytic  diges- 
tion, and  such  nitrogenous  extractives  as  leucin  and  tyrosin,  are 
found  in  pus. 

But  Streptococcus  pyogenes  and  several  other  micro-organisms 
which  are  definitely  pyogenetic,  form  no  proteolytic  ferment, 
and  it  therefore  becomes  necessary  in  these  cases  to  search 
for  another  explanation  of  the  liquefaction  that  undoubtedly 
occurs  when  these  micro-organisms  cause  an  abscess.  This 
explanation  is  probably  found  in  the  properties  of  phagocytic 
cells.  It  has  already  been  pointed  out  that  such  cells  attack 
solid  substances,  and  bring  about  their  solution  both  by  extra- 
cellular and  by  intra-cellular  digestion ;  the  numbers  of  phagocytes 
present  in  tissue  which  is  about  to  break  down  into  pus  is  so 
great,  and  the  degenerated  condition  of  the  tissue  elements  them- 
selves is  so  marked,  that  the  occurrence  of  solution  by  phagocytic 
action  seems  highly  probable.  We  know  that  phagocytes  can 
dissolve  cat-gut ;  it  is  not  difficult  to  suppose  that  they  can  bring 
about  the  solution  of  degenerated  inflammatory  tissue.  Nor  is 
the  fact  that  very  large  numbers  of  phagocytes  in  pus  are  dead 
an  insuperable  difficulty,  for  not  only  are  very  many  of  the 
leucocytes  present  still  living,  as  shown  by  their  amoeboid  move- 
ments, but  also  living  cells  are  not  necessary  to  the  occurrence 
of  digestion.  Of  this  fact  the  commercial  preparation  of  dried 
pepsin  from  the  gastric  mucous  membrane  of  the  pig  is  sufficient 
evidence. 

(b)  The  Part  played  by  the  Irritant. — The  part  played  by 
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the  irritant  in  abscess-formation  is  a  very  important  one.  An 
abscess  is  essentially  a  liquefied  inflammatory  focus  in  which  the 
number  of  wandering  cells  is  so  great  that  their  presence  forms 
the  dominating  feature  of  the  inflammatory  products.  Now 
since  the  attraction  of  wandering  cells  to  a  given  point — positive 
chemiotaxis — and  the  absence  of  attraction  or  possibly  actual  re- 
pulsion— negative  chemiotaxis — depend  upon  the  concentration  of 
the  chemical  substance  as  well  as  upon  its  nature,  it  is  intelligible 
that  the  result  of  persistent  irritant  action  will  in  some  cases  be 
the  formation  of  an  abscess  and  in  other  cases  not. 

1.  Intensity  of  Irritant. — If  the  irritant  be  very  slight,  as  when 
but  few  micro-organisms  and  those  of  a  very  low  order  of  viru- 
lence are  introduced  into  the  tissues,  it  is  possible  that  it  may 
induce  very  feeble  positive  chemiotaxis ;  it  is  possible,  too,  that 
it  may  be  dealt  with  by  such  cells  as  are  present  at  the  spot,  and 
it  is  highly  probable  that  it  may  be  destroyed  in  situ  by  the 
fluids  of  the  tissues  in  which  it  lies.  Under  any  of  these  con- 
ditions, the  number  of  wandering  cells  at  the  spot  is  very  small, 
even  though  from  the  inflammation  which  is  present  they  may 
be  more  numerous  than  normal.  And  in  any  case  the  amount 
of  exudation  and  the  numbers  of  wandering  cells  present  is  in- 
sufficient of  itself  to  constitute  pus,  while  liquefaction  of  dead 
tissues  does  not  take  place  and  aid  the  process,  principally  because 
the  irritant  is  of  so  low  an  order  that  hardly  any  dead  tissue  is 
produced  which  can  undergo  liquefaction.  It  must  be  remembered 
that  "  pus  "  is  a  clinical  term,  and  though,  of  course,  in  the  above 
example,  pathologically,  the  process  is  identical,  excepting  in 
degree,  with  the  process  obtaining  in  the  formation  of  a  large 
abscess,  it  is  convenient  to  say  that  in  the  one  case  pus  is  formed, 
in  the  other  case  it  is  not  formed. 

A  condition  of  this  kind  probably  obtains  in  all  "  aseptic 
surgery."  We  can  hardly  imagine  that  a  surgical  operation,  even 
when  carried  out  with  the  greatest  care,  is  absolutely  aseptic  in  a 
bacteriological  sense — the  impossibility  of  sterilising  the  skin  in 
any  case  precludes  this ;  but  we  must  assume,  since  the  inflam- 
mation is  minimal,  that  irritation  has  been  minimal,  and  that 
though  some  micro-organisms  have  gained  access  to  the  wound 
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during  the  operation,  they  have  been  so  few  and  of  such  a  kind 
that  the  body  has  destroyed  them  before  they  have  been  able  to 
multiply  and  form  any  important  amount  of  toxin. 

At  the  other  extreme  we  also  find  cases  in  which  pus  is  not 
formed.  If  the  irritant  be  very  intense,  or,  particularising,  if 
being  a  micro-organism  it  forms  a  toxin  of  very  great  intensity, 
either  paralysis  of  wandering  cells  or  negative  chemio taxis 
occurs,  with  the  result  that  hardly  a  wandering  cell  is  found  at 
the  seat  of  irritation.  In  these  cases  the  intensity  of  the  irritant 
may  be  sufficient  to  cause  so  rapidly  spreading  a  destruction  of 
tissue,  that  sufficient  time  is  hardly  given  for  the  development 
of  inflammation,  or  the  disorganised  tissue  may  become  softened 
by  infiltration  with  exuded  inflammatory  fluid  in  which  no  leu- 
cocytes are  found.  These  conditions  are  not  very  infrequently 
found  in  internal  organs,  when  septic  emboli  of  exceptional 
virulence  have  lodged  within  the  blood-vessels.  Microscopically 
complete  disorganisation  of  the  tissue  may  be  recognisable,  and 
yet  no  pus  is  formed.  In  the  condition  known  as  acute  yellow 
atrophy  a  large  portion  of  the  liver  may  be  in  such  a  softened 
condition  as  this. 

A  condition  lying  between  the  above  and  definite  pus-forma- 
tion occurs  in  septic  cellulitis,  where  inflammation  spreads 
very  rapidly  in  the  cellular  subcutaneous  tissue  of  perhaps  a 
whole  limb  in  a  few  hours.  The  copious  inflammatory  exudation 
fluid  in  these  cases  contains  wandering  cells,  it  is  true,  and  in 
considerable  numbers,  but  the  fluid  is  sero-purulent  and  is  not 
pus.  In  very  severe  inflammations  of  this  description,  the 
irritant  may  have  produced  changes  in  the  vessel  walls,  so  severe, 
that  actual  haemorrhage  takes  place,  and  the  exudation  is  not 
only  sero-purulent  but  is  also  blood-stained. 

The  intensity  of  the  irritant  is  therefore  of  great  importance 
in  determining  pus-formation.  It  must  neither  be  too  great 
nor  too  small,  for  under  either  of  these  conditions  pus  is  not 
formed.  After  what  has  already  been  said,  it  is  unnecessary  to 
repeat  that  the  nature  and  the  vitality  of  the  tissue  upon  which 
the  irritant  acts  must  be  considered  along  with  the  intensity  of 
the  irritant  itself  in  this  connection. 
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2.  Nature  of  Irritant — Pyogenetic  Micro-organisms. — We  must 
now  consider  the  nature  of  the  irritant  in  connection  with 
pus-formation. 

After  Ogston  of  Aberdeen  had  in  1881  made  known  the  fact, 
that  in  every  one  of  the  large  number  of  acute  abscesses  which  he 
examined  he  found  the  presence  of  micro-organisms,  and  after 
this  statement  had  been  confirmed  by  several  other  observers,  it 
was  for  a  short  time  held  that  pus-formation  is  essentially  a 
result  of  microbial  action,  and  that  where  no  micro-organisms 
are  present,  there  no  pus  is  formed.  But  this  view  was  not 
universally  accepted.  It  was  found  by  several  investigators, 
if  silver  nitrate,  mercury,  turpentine,  ammonia,  mixtures  of 
croton  and  olive  oils,  and  many  other  substances  be  placed  under 
the  skin  with  antiseptic  precautions,  that  a  fluid  indistinguishable 
from  pus  is  produced.  For  some  time  these  experiments  were 
inconclusive,  because  of  the  difficulty  in  procuring  complete 
asepsis.  Moreover,  supporters  of  the  view  that  bacteria  are 
essential  to  pus-formation  were  strengthened  in  their  contention, 
that  in  cases  of  so-called  sterile  pus,  asepsis  was  not  complete, 
by  the  undoubted  fact  that  the  more  stringent  the  precautions 
taken,  the  less  common  is  it  for  pus  to  be  produced.  But  when 
Councilman  and  Wyssokowitch  and  Buchner  made  known  the 
results  of  their  several  experiments,  it  was  allowed  that  the 
presence  of  living  micro-organisms  is  not  essential  to  pus- 
formation,  however  commonly  the  two  conditions  may  co-exist. 
Councilman  introduced,  with  strict  antiseptic  precautions,  sterile 
glass  capsules  containing  a  sterilised  mixture  of  croton  and 
olive  oils  under  the  skin  of  animals  and  allowed  the  wounds  to 
heal  completely.  When  healing  was  complete,  he  broke  the 
capsules  subcutaneously  by  a  smart  blow  on  the  surface,  and 
thus  the  irritant  came  to  act  upon  the  tissues  under  conditions 
in  which  apparently  no  suspicion  of  microbial  contamination 
could  be  entertained.1    Wyssokowitch  and  Buchner  worked  with 

1  "When  we  come  to  consider  latency  of  bacteria  we  shall  see  that  micro- 
organisms may  apparently  remain  quiescent  in  the  tissues  until  some  condition 
of  lowered  resistance  on  the  part  of  their  host  renders  their  multiplication 
possible.    Councilman's  experiments  are  not  quite  conclusive,  therefore,  as  it  is 
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sterilised  cultures  of  micro-organisms,  amongst  which  were  B. 
anthracis,  Streptococcus  pyogenes,  Staphylococcus  pyogenes  aureus, 
B.  proaligiosus,  B.  subtilis,  and  many  others :  in  spite  of  the  fact 
that  in  all  cases  the  micro-organisms  inoculated  were  dead,  with 
all  of  them  a  sterile  pus  was  produced. 

In  this  position  the  question  is  at  the  present  day,  and  we 
may  say  that  pus-formation  is  not  indissolubly  bound  up  with 
the  presence  of  bacteria,  for  many  chemical  substances,  if 
inoculated  under  strict  aseptic  conditions  into  living  tissues, 
may  produce  a  pus  which  is  completely  sterile.  Nevertheless 
in  the  vast  majority  of  cases  pus- formation  and  the  presence  of 
bacteria  are  linked  together.  However,  even  if  bacteria  be 
present,  it  is  not  necessary  that  they  should  be  living,  for 
Buchner  showed  that  pus-formation  is  more  closely  bound  up 
with  the  bodies  of  bacteria  than  with  the  toxins  which  those 
bacteria  produce  when  living  (extra-cellular  poisons).  For  he 
found  that  when  a  cultivation  in  broth  is  filtered,  the  sterile 
filtrate  which  contains  the  extra-cellular  poison  does  not  lead 
to  abscess-formation  when  injected  subcutaneously  with  strict 
antiseptic  precautions,  whereas  the  bodies  of  the  bacteria,  after 
repeated  washing  has  freed  them  from  all  traces  of  the  nitrate, 
and  after  they  have  been  killed,  lead  invariably  to  the  formation 
of  sterile  abscesses  when  injected  subcutaneously  in  sufficient 
quantities.  Whether  the  abscess-formation  in  the  latter  case  is 
due  to  the  action  of  the  intra-cellular  poison  or  to  the  physical 
properties  of  the  bacteria,  or  to  both  of  these,  it  is  impossible  to 
say  at  present.  Whichever  explanation  be  the  true  one,  it  is 
nevertheless  certain  that  when  bacteria  are  living  and  multiply- 
ing, the  chances  of  pus-formation  are  increased.    A  number  of 

possible  that  micro-organisms  might  have  gained  access  to  the  depth  of  the  wound 
when  introducing  the  glass  capsules,  and  have  remained  latent,  until  the  injury 
produced  by  the  blow  necessary  for  fracture  of  the  capsule  and  the  irritation  pro- 
duced by  the  fragments  of  glass  and  by  the  mixture  of  oils  had  lowered  the 
vitality  of  the  tissues  to  such  an  extent  that  they  could  no  longer  resist  growth  of 
the  bacteria.  The  fact,  too,  that  no  cultivations  can  be  obtained  from  any  pus 
produced  in  this  way  does  not  necessarily  prove  that  bacteria  had  no  part  in  the 
pus-formation  ;  at  most  it  proves  that  no  living  bacteria  were  present  of  such 
a  kind  as  normally  grow  on  the  usual  laboratory  media.  This  is  but  another 
example  of  the  difficulty  of  obtaining  absolute  proof  in  scientific  investigations. 
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dead  bacteria  sufficient  to  produce  macroscopic  suppuration  can 
hardly  be  introduced  into  the  tissues,  except  experimentally ; 
for  the  production  of  suppuration  by  living  bacteria,  the  initial 
number  introduced  may  be  very  small,  and  thus  an  accidental 
entrance  may  be  easily  effected. 

One  of  the  objections  raised  to  the  above  experiments  by 
supporters  of  the  view  that  pus  is  never  formed  in  the  absence  of 
micro-organisms,  was  that  the  fluid  produced  in  such  experiments 
as  those  of  Councilman  and  Buchner,  though  somewhat  like  pus, 
is  not  absolutely  like  pus.  They  therefore  maintained  that  in 
these  experiments  pus,  as  the  surgeon  understands  the  term,  is 
not  produced.  It  must  be  granted  that  in  most  cases  this 
objection  is  reasonable,  if  by  pus  is  meant  such  a  fluid  as  is 
obtained  from  an  acute  abscess ;  but  when  one  bears  in  mind 
that  in  cold  abscesses  the  fluid  is  frequently  curdy,  that  instead 
of  cells  one  generally  finds  only  a  granular  and  amorphous 
debris,  and  that  in  spite  of  these  differences  the  surgeon  still 
speaks  of  the  fluid  as  "  pus,"  the  objection  cannot  be  allowed. 
According  to  Janowski  the  morphology  of  pus  is  the  same 
whether  it  is  caused  by  micro-organisms  or  by  sterile  chemical 
irritants,  such  as  mercury.  He  found  that  not  only  are  the 
same  kinds  of  cell  present  in  both  cases,  but  that  the  stages 
in  the  pus-formation  follow  one  another  in  the  same  order 
(though  more  rapidly  when  the  pus  is  caused  by  chemical 
irritants).  In  all  cases,  therefore,  septic  and  aseptic,  the  funda- 
mental processes  are  the  same,  and  whether  the  irritant  be 
organised  or  unorganised,  assuming  that  the  intensity  of  the 
irritant  and  the  reaction  of  the  tissues  are  suitable,  persistence 
of  irritant  action  may  lead  to  pus-formation.  It  is,  however, 
probable  that  where  the  irritant  is  particulate,  the  liability  to 
pus-formation  is  greater  than  under  the  opposite  conditions; 
this,  no  doubt,  is  because  in  the  former  case  persistence  of 
irritant  action  at  a  given  spot  is  more  readily  attained. 

Under  suitable  conditions  the  presence  of  any  species  of 
micro-organism  may  theoretically  be  associated  with  pus-forma- 
tion, and  examples  of  pus-formation  in  connection  with  bacteria 
which  do  not  usually  lead  to  suppuration  are  by  no  means  rare. 
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Thus  B.  diphtherial  and  V.  cholerce  asiaticce,  when  introduced 
subcutaneously  into  animals  whose  resistance  to  these  micro- 
organisms is  very  considerable,  readily  cause  the  formation  of 
localised  abscesses.  In  man,  B.  typhosus  and  M.  pneumonias  are 
known  to  lead  to  pus-formation,  the  latter  micro-organism  being 
very  commonly  found  in  purulent  otitis  media  and  in  empyema, 
and  the  former  having  been  found  in  pure  cultivation  in  the 
abscesses  which  sometimes  occur  in  the  later  stages  of  typhoid  fever. 

But  though  any  species  of  micro-organism  may  theoretically 
be  associated  with  pus-formation,  and  though  some  species, 
generally  not  associated  with  suppuration,  on  rare  occasions 
have  actually  been  known  to  cause  suppuration,  certain  of  the 
micrococci  are  so  frequently  found  along  with  pus  that  they 
are  termed  "  pyogenetic  cocci."  Of  these  the  commonest  are 
Staphylococcus  pyogenes  aureus  and  albus,  Streptococcus  pyogenes, 
Mierococcus  gonorrhoea?,  and  Micrococcus  pneumonias.  Besides 
micrococci  certain  bacilli  and  moulds  are  also  associated  with 
pus- formation.  Such  are  B.  tuberculosis,  especially  when  it 
affects  bones  and  joints,1  B.  anthracis,  which  causes  "  malignant 
pustule "  in  man,  B.  pyocyaneus,  which  from  the  formation  of  a 
soluble  pigment  (pyocyanin)  causes  pus  in  which  this  micro- 
organism is  present  to  take  on  a  bluish-green  colour,  and 
Actinomyces. 

(c)  Modes  of  Spread  of  Pyogenetic  Micro-organisms. — When 
describing  the  process  of  abscess-formation,  it  was  said  that  an 
abscess  increases  in  size  by  disintegration  into  pus  of  that  portion 
of  the  abscess  wall  which  is  immediately  in  contact  with  the  pus 
that  is  already  formed.  Besides  this  mode  of  extension  by  con- 
tinuity of  tissue,  the  suppurative  effects  of  an  irritant  may  spread 
in  two  other  ways :  (1)  by  the  lymphatics,  (2)  by  the  blood- 
stream. 

1.  By  the  Lymphatics. — When  an  irritant  spreads  by  the 
lymphatics  its  action  may  become  marked  at  a  considerable 
distance  from  the  point  of  entry  of  the  irritant.    Thus,  an  abscess 

1  The  suppuration  which  occurs  when  B.  tuberculosis  affects  the  lungs  is  due 
rather  to  the  pyogenetic  cocci  which  gain  access  to  the  tubercular  foci  than  to  the 
tubercle  bacilli  themselves  ;  the  condition  is  one  of  "  mixed  infection." 
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in  the  inguinal  region  may  depend  upon  a  septic  abrasion  on 
the  heel  or  on  the  external  genitals,  an  abscess  in  the  axilla  may 
depend  upon  a  septic  wound  on  the  hand.  When  such  an  abscess 
occurs  it  is  situated  in  the  corresponding  lymphatic  glands,  at 
any  rate  at  first,  and  the  reason  why  the  irritant  produces  an 
abscess  here,  instead  of  at  its  point  of  entry,  is  because  the  lymph- 
flow  from  the  inflamed  abrasion  carries  the  irritant  along  with 
it  to  the  nearest  lymphatic  gland  before  time  has  been  given  for 
the  formation  of  an  abscess  around  the  original  point  at  which 
the  micro-organism  entered.  Once  lodged  in  the  gland,  however, 
the  conditions  are  such  that  multiplication  in  situ  of  the 
bacterial  irritant  is  possible,  and  hence  it  produces  an  inflamma- 
tion which  ends  in  suppuration.  A  small  amount  of  pus,  however, 
is  generally  formed  at  the  seat  of  abrasion  also.  Negative 
chemiotaxis  or  feeble  positive  chemiotaxis  at  the  seat  of  entry  of 
the  micro-  organism  probably  also  plays  a  part ;  whether  because 
of  the  virulence  of  the  micro-organism,  or  because  of  the  feeble 
resisting  power  of  the  individual,  the  bacteria  are  not  destroyed 
locally,  but  in  a  living  and  active  condition  travel  by  the 
lymphatics  to  a  gland. 

Under  ordinary  circumstances  the  lymphatic  vessels  of  the 
part  show  no  signs  of  implication  in  the  process — they  are  simply 
paths  whereby  the  irritant  travels  ;  but  sometimes,  and  especially 
if  the  irritant  is  of  high  intensity,  inflammation  occurs  in  the 
walls  of  the  lymphatic  vessels  and  in  their  immediate  neighbour- 
hood, giving  rise  to  the  appearance  of  those  fine  red,  and  perhaps 
painful,  lines  on  the  surface  of  the  limb  which  mark  the  course 
of  the  inflamed  superficial  lymphatics  and  are  characteristic  of 
lymphangeitis.  On  the  other  hand,  lymphangeitis  may  occur 
without  obvious  implication  of  the  lymphatic  glands. 

2.  By  the  Blood-Stream. — Pywmia,  Septicaemia,  and  Sap- 
rcemia ;  Ulcerative  Endocarditis. — When  an  irritant,  such  as 
Staphylococcus  pyogenes  aureus  or  Streptococcus  pyogenes,  gains 
access  to  the  blood-stream,  its  effects  vary  according  to  circum- 
stances. In  some  cases  it  probably  is  followed  by  no  ill  effects, 
for  experiment  shows  that  the  blood  is  capable  of  destroying  con- 
siderable numbers  of  bacteria  when  they  are  injected  into  the 
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veins  of  healthy  animals ;  but  with  such  cases  we  are  not  con- 
cerned at  present.  If,  however,  the  micrococcus  be  of  the  right 
degree  of  virulence  to  lead  to  pus-formation,  and  if  it  become 
lodged  anywhere  as  a  septic  embolus,  it  probably  always  causes 
a  local  abscess.  If,  on  the  other  hand,  it  be  of  so  great  a  degree 
of  virulence  that  it  leads  to  negative  chemiotaxis,  abscess-forma- 
tion is  out  of  the  question. 

Now  the  two  last-mentioned  conditions  correspond  in  some 
degree  with  clinical  conditions  in  which  micro-organisms  have 
gained  access  to  the  blood-stream,  and  which  are  known  as 
pyaemia  and  septicaemia.  Along  with  pyaemia  and  septicaemia, 
it  is  convenient  to  consider  an  allied  condition  known  as 
sapraemia.  Popularly  these  three  states  are  confounded  under 
the  one  name  of  "  blood-poisoning." 

•  Pyaemia,  septicaemia,  and  sapraemia  have  many  points  in 
common  so  far  as  the  clinical  symptoms  met  with  in  these 
conditions  are  concerned,  but  there  are  certain  fundamental 
differences  between  the  pathological  processes  in  the  three  cases. 
Sapraemia — also  called  septic  intoxication — is  the  simplest  and  will 
be  described  first.  It  agrees  with  septicaemia  and  pyaemia  in  that 
it  depends  upon  the  growth  of  micro-organisms  and  the  formation 
of  poisonous  substances  by  them  ;  it  also,  like  they,  depends  upon 
the  action  of  those  toxic  substances  on  the  body.  But  sapraemia 
differs  from  pyaemia  and  septicaemia  in  that  the  micro-organ- 
isms are  incapable  of  life  within  the  blood  and  tissues,  whereas 
in  pyaemia  and  septicaemia  the  micro-organisms  not  only  are 
capable  of  life  within  the  blood  and  tissues,  but  actually  gain 
access  to  them,  are  carried  in  a  living  condition  to  distant  parts 
and  produce  toxic  substances  within  the  body  itself.  Though  we 
must  allow  that  both  in  pyaemia  and  in  septicaemia  the  symptoms 
of  the  disease  are  due  rather  to  the  toxic  substances  formed  by 
the  micro-organisms  than  to  the  actual  presence  of  the  micro- 
organisms as  such  in  the  blood  or  tissues,  there  are  the  funda- 
mental differences  between  sapraemia  on  the  one  hand,  and 
pyaemia  and  septicaemia  on  the  other  hand,  that  in  sapraemia  the 
laboratory  for  the  preparation  of  toxin  is  physiologically  outside 
the  body  and  the  micro-organisms  concerned  are  putrefactive 
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and  not  pathogenetic  micro-organisms,  while  in  pyaemia  and 
septicaemia  the  laboratory  for  preparation  of  the  toxin  is  in  great 
part  physiologically  within  the  body  and  the  micro-organisms 
concerned  are  pathogenetic. 

Now  since  in  sapraemia  the  micro-organisms  are  putrefactive 
and  incapable  of  existence  in  living  tissues,  it  follows  that  for 
the  occurrence  of  sapraemia  not  only  must  such  micro-organisms 
be  present,  but  also  dead  material  capable  of  undergoing  putre- 
faction must  be  present  also.  Moreover,  since  the  symptoms  of 
the  disease  are  caused  by  the  chemical  products  which  these 
micro-organisms  form  in  the  dead  material,  it  follows  that  those 
products  must  be  in  close  connection  with  a  large  absorbing  area 
of  the  living  body  itself.  Such  conditions  as  these  are  fulfilled 
when  putrefaction  occurs  in  portions  of  placenta  left  in  the 
uterus  after  parturition,  or  in  inflammatory  exudation  that 
has  collected  in  the  peritoneal  cavity  after  abdominal  opera- 
tion, or  in  the  fluid  contained  in  deep  abscesses  or  cysts.  In 
these  and  all  similar  cases  there  is  a  cavity — physiologically 
outside  the  body — which  holds  a  putrescible  material,  and 
if  putrefactive  micro-organisms  gain  access  to  this  material, 
the  chemical  products  of  putrefaction  are  absorbed  from  the 
cavity  by  the  body  and  produce  the  clinical  symptoms  of 
sapraemia. 

Further,  since  the  symptoms  of  sapraemia  are  due  to  the 
absorption  of  a  chemical  poison,  the  severity  of  those  symptoms, 
speaking  generally,  will  be  proportionate  to  the  amount  of  poison 
absorbed,  and  therefore  to  the  extent  of  the  absorbing  area  and 
the  amount  of  material  undergoing  putrefaction.  And  since  the 
chemical  poisons  in  the  blood  are  constantly  being  eliminated  by 
excretory  glands,  in  particular  by  the  kidney,  it  follows  that  if 
the  putrefying  material  is  removed,  absorption  must  cease,  and 
the  symptoms  must  disappear.  In  these  points  we  have  other 
important  differences  distinguishing  sapraemia  from  septicaemia 
and  pyaemia. 

That  this  is  the  true  explanation  of  sapraemia  was  experi- 
mentally shown  long  ago  by  Panum,  who  produced  the  condition 
in  animals  by  injecting  into  them  putrid  solutions  which  he  had 
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previously  boiled,  and  thereby  had  freed  from  all  living  elements. 
He  also  produced  the  same  condition  by  injecting  a  solid  sub- 
stance which  he  separated  from  putrid  solutions  by  precipitation 
with  alcohol. 

The  actual  condition  of  sapraemia  being  due  to  the  presence  in 
the  blood  of  chemical  substances  unaccompanied  by  living  micro- 
organisms, it  follows  that  if  blood  taken  from  an  individual 
suffering  with  sapraemia  were  injected  into  a  healthy  individual 
the  effect  produced  in  him — apart  from  accidents — would  depend 
upon  the  amount  of  toxin  introduced  with  the  injected  blood. 
Since  the  toxin  thus  introduced  would  be  spread  over  the  whole 
body  of  the  second  individual,  and  would  be  rapidly  excreted  by 
him,  the  experiment  (unless  the  amount  of  toxic  blood  injected 
were  enormous  or  the  recipient  particularly  susceptible)  would  be 
followed  by  no  ill  effects  of  any  kind ;  in  particular,  the  second 
individual  would  not  become  affected  with  sapraemia.  But  if 
the  disease  of  the  first  patient  were  not  saprsemia,  but  septicaemia 
or  pyaemia,  the  case  would  be  quite  different.  For  it  has  been 
already  stated  that  in  these  two  conditions  micro-organisms  gain 
access  to  the  blood,  and  are  capable  of  existence  in  it  and  the 
living  tissues.  If,  then,  blood  from  an  individual  suffering  from 
pyaemia  or  septicaemia  were  injected  into  a  healthy  individual, 
not  only  would  chemical  substances  of  bacterial  origin  be  injected, 
but  also  with  them  would  perhaps  be  injected  micro-organisms 
which  (leaving  questions  of  immunity  out  of  consideration) 
would  be  capable  of  existence  in  the  second  individual.  In  this 
second  individual  the  micro-organisms  would  multiply,  form 
toxin  and  reproduce  the  pyaemic  or  septicaemic  condition. 
Pyaemia  and  septicaemia  are  infective  diseases,  sapraemia  is  not 
infective. 

We  may  now  consider  the  differences  between  pyaemia  and 
septicaemia. 

The  first  point  of  difference  between  these  two  conditions  that 
must  be  noticed  is  that  in  pyaemia  secondary  abscesses  are 
formed,  in  septicaemia  no  abscesses  are  formed.  In  both  con- 
ditions the  same  species  of  micro-organism  may  be  concerned,  in 
both  it  must  have  gained  access  to  the  blood-stream  and  must  be 
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capable  of  living  in  the  blood-stream,  in  both  it  must  multiply 
in  the  blood-vessels  and  form  toxin ;  but  from  a  clinical  point  of 
view,  at  least,  this  difference  with  regard  to  abscess-formation  is 
fundamental. 

Now  the  fact  that  in  pyaemia  secondary — or,  as  they  are  also 
called,  metastatic — abscesses  are  formed,  suggests  that  the  action 
of  the  micro-organism  is  localised  to  certain  points,  and  com- 
monly it  is  only  at  the  seat  of  these  abscesses  that  the  micro- 
organisms can  be  found  ;  they  are  not  found  in  the  blood  generally, 
or  if  present  they  are  only  present  in  very  scanty  numbers.  The 
abscesses  are  very  often  secondary  to  some  purulent  focus  else- 
where in  the  body,  especially  when  that  focus  is  closely  con- 
nected with  the  venous  system.  Of  all  conditions  liable  to  be 
the  starting  point  of  pyaemia  a  septic  venous  thrombosis  is  the 
most  common.  Thus  pyaemia  may  occur  after  parturition  when 
the  clots  in  the  uterine  sinuses  are  invaded  by  pyogenetic  micro- 
organisms from  the  uterine  surface.  So  also  septic  thrombosis 
of  a  lateral  sinus  secondary  to  ear  disease  is  very  often  followed 
by  the  formation  of  pyaemic  abscesses  in  other  parts.  In  either 
case,  as  the  result  of  the  growth  of  the  micro-organisms  and  the 
softening  of  the  clot,  portions  of  the  clot  with  the  attached 
micro-organisms  are  broken  off,  carried  away  in  the  blood-stream 
and  lodged  in  various  parts,  of  which  the  lungs  are  the  most 
common.  Suppurative  conditions  of  the  medulla  of  long  bones 
— septic  osteomyelitis — is  also  a  common  starting  point  for  the 
formation  of  pyaemic  abscesses  elsewhere. 

In  pyaemia  the  micro-organisms  concerned  are  always  pyo- 
genetic. In  the  vast  majority  of  cases  they  belong  to  the  group 
of  "pyogenetic  cocci,"  and  of  these  Staphylococcus  pyogenes 
aureus  and  Streptococcus  pyogenes  are  most  commonly  present. 
In  septicaemia,  on  the  other  hand,  the  micro-organisms  must  be 
pathogenetic,  but  they  need  not  be  pyogenetic,  though  if  we 
restrict  the  term  "  septicaemia "  to  those  cases  which  clinically 
are  known  as  such,  the  pyogenetic  micro-organisms,  and  especi- 
ally a  diplococcus  which  on  artificial  cultivation  shows  itself  to 
be  Streptococcus  pyogenes,  are  the  organisms  by  far  the  most 
commonly  found.    From  a  pathological  point  of  view,  however, 
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septicaemia 1  is  a  broader  term  and  is  used  to  cover  all  cases  in 
which  the  micro-organism,  whatever  its  nature,  gains  access  to  the 
blood  and  can  be  obtained  from  it.  Thus  in  animals  such  as  the 
guinea-pig  and  the  rabbit,  anthrax  is  a  septicemic  disease,  for 
the  blood-vessels  throughout  the  body  are  crowded  with  anthrax 
bacilli.  Even  with  infective  diseases  which  are  strictly  localised 
under  usual  circumstances,  such  as  erysipelas  when  inoculated 
experimentally  in  the  rabbit's  ear,  it  is  found  in  most  cases  that 
a  short  time  before  death  septicaemia  results  and  the  streptococci 
are  to  be  obtained  from  the  heart's  blood.  And  there  is  reason 
to  believe  that  in  quite  a  large  number  of  local  infective  diseases 
in  which  death  ensues  some  little  time  after  inoculation,  or  in 
which  the  resisting  powers  of  the  individual  are  very  small,  the 
last  stage  of  the  disease  consists  in  the  production  of  a  general 
blood  infection. 

We  are  not  well  acquainted  with  the  conditions  in  man  with 
reference  to  this  point,  but  at  least  in  diphtheria  it  is  certain 
that  in  rare  cases  diphtheria  bacilli  gain  access  to  the  blood,  and 
after  death  are  to  be  obtained  from  the  spleen,  heart's  blood, 
etc.,  however  strictly  the  bacilli  may  have  been  localised  in  the 
superficial  tissues  during  the  earlier  portion  of  the  disease.  So 
also  erysipelas  in  man  sometimes  terminates  in  a  general  pyaemia, 
and  cases  of  generalised  vaccinia,  with  production  of  scattered 
vaccinia  vesicles  over  the  body,  have  been  recorded,  though  they 
are  not  common.  In  influenza,  too,  the  disease  is  probably 
localised  for  a  short  time  in  the  tissues  before  it  invades  the 
blood  secondarily  and  produces  a  condition  which  in  pathological 
language  is  a  septicaemia,  but  which,  clinically,  would  not  be 
recognised  as  such. 

The  whole  of  this  part  of  the  subject,  however,  is  intimately 
bound  up  with  questions  of  immunity  and  must  be  left  for  the 
present  in  the  above  position. 

Both  in  pyaemia  and  in  septicaemia  the  extent  of  the  initial 
lesion  by  which  the  micro-organisms  concerned  effect  their 
entrance  into  the  body  is  of  comparatively  little  importance ; 

1  No  doubt  in  course  of  time  the  word  ' '  Septicaemia  "  will  give  place  to  another 
and  more  suitable  term. 
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a  mere  scratch  is  sufficient  to  allow  of  the  development  of  a 
fatal  septicaemia  if  the  micro-organisms  are  of  excessive  viru- 
lence. For  some  reason  with  which  we  are  as  yet  imperfectly 
acquainted,  micro-organisms  which  have  multiplied  in  the  peri- 
toneal cavity  are  of  such  exceptional  virulence,  and  it  is  for  this 
reason  that  wounds  incurred  by  pathologists  while  performing 
autopsies  are  far  more  liable  to  be  followed  by  septicaemia  when 
the  case  has  been  one  of  septic  peritonitis  than  when  the  patient 
has  died  of  any  other  disease. 

Ulcerative  Endocarditis. — In  the  cases  of  pyaemia  hitherto 
considered  a  primary  focus  of  suppuration  is  recognisable,  but 
not  infrequently  multiple  abscesses  appear  in  different  parts 
of  the  body  without  the  existence  of  any  obvious  suppurative 
lesion.  In  these  cases  cardiac  symptoms  and  murmurs  are  often 
present,  and  after  death  an  ulcerative  condition  of  the  cardiac 
valves  is  found.  The  cardiac  lesion  is  here  the  immediately 
antecedent  cause  of  the  pyaemic  abscesses,  for  in  the  vegetations 
on  the  valves  pyogenetic  micro-organisms  are  constantly  present ; 
Staphylococcus  pyogenes  aureus  and  albus,  Streptococcus  pyogenes, 
Micrococcus  pneumoniae,  and  Micrococcus  gonorrhoea:  have  all 
been  found  in  the  vegetations.  Where  this  is  the  case,  associa- 
tion of  the  secondary  abscess  with  embolism  of  particles  of  the 
septic  vegetations  on  the  valves  is  easy,  especially  in  view  of  the 
fact  that  in  these  cases  the  metastatic  abscesses  are  most  com- 
monly found  in  the  spleen  and  kidney,  regions  in  which  simple 
embolism  and  infarction  are  especially  common  in  valvular 
disease  of  the  ordinary  kind. 

But  the  exact  meaning  of  the  valvular  condition  itself  is  not 
so  easy  to  determine.  Probably  in  the  majority  of  cases  the 
ulcerative  condition  is  superposed  upon  an  old  simple  chronic 
valve  lesion.  But  for  this  to  occur  it  is  necessary  that  the 
micro-organisms  present  in  the  vegetations  should  previously 
have  gained  access  to  the  blood.  In  some  cases,  as  for  example 
when  the  valvular  lesion  is  associated  with  the  presence  of 
gonococci  in  the  vegetations,  we  may  regard  the  ulcerative  endo- 
carditis as  a  direct  result  of  infection  of  the  blood  at  the  seat  of 
local  gonorrhceal  suppuration  in  the  urethra  or  vagina,  and  the 
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metastatic  abscesses  in  the  organs  as  direct  effects  of  embolism 
from  the  cardiac  valves.  In  that  case  the  urethral  suppuration 
is  primary,  the  ulcerative  endocarditis  is  secondary,  the  meta- 
static abscesses  are  tertiary.  In  other  cases  the  cardiac  condition 
is  itself  a  tertiary  manifestation,  for  in  ulcerative  endocarditis  the 
valves  on  the  left  side  of  the  heart  are  always  involved  to  a 
greater  extent  than  those  on  the  right  side,  and  unless  the  valves 
on  the  left  side  have  been  directly  infected  by  emboli  sufficiently 
small  to  pass  through  the  pulmonary  capillaries,  it  is  necessary 
that  a  secondary  focus  of  suppuration  should  be  formed  in  the 
lungs  from  which  the  left  valves  of  the  heart  may  be  tertiarily 
affected.  As  a  matter  of  fact,  where  the  starting  point  of  a 
pyaemia  is  a  septic  venous  thrombosis,  secondary  abscesses  in  the 
lungs  are  common,  and  hence  tertiary  affection  of  the  left  cardiac 
valves  may  readily  be  explained.  Nevertheless  it  is  also  con- 
ceivable that  groups  of  two  or  three  living  cocci  may  become 
detached  from  the  primary  focus  and  circulate  independently, 
passing  through  the  pulmonary  capillaries  and  becoming  ulti- 
mately attached  to  the  valvular  endocardium  at  the  lines  where 
the  segments  of  the  valves  come  into  contact  during  cardiac 
systole.  In  this  way  the  occurrence  of  ulcerative  endocarditis 
as  a  secondary  manifestation  would  be  rendered  possible. 

There  exists,  however,  a  not  inconsiderable  number  of  cases  in 
which  the  ulcerative  endocarditis  is  apparently  primary.  That 
it  is  so  in  reality  our  knowledge  concerning  infection  of  the 
blood  forbids  us  to  believe.  Except  in  experimental  cases  we 
cannot  conceive  that  micro-organisms  should  ever  directly  gain 
access  to  the  blood.  However  small,  there  must  be  some  local 
lesion  in  the  tissues  by  which  the  micro-organisms  gain  entry  to 
the  system,  and  from  which,  as  a  primary  focus,  the  blood  is 
invaded  later.  In  these  cases  of  apparently  primary  ulcerative 
endocarditis  we  must  assume  that  at  some  time  or  other  a 
primary  superficial  focus  must  have  existed,  though  it  may  never 
have  been  recognised  or  may  have  been  forgotten. 

There  are  two  possible  ways  in  which  these  cases  may  be 
explained.  (1)  It  has  been  said  that  an  infective  endocarditis 
is  probably,  in  the  majority  of  cases,  superposed  upon  an  old 
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simple  valve  lesion,  and  since  even  in  simple  valvular  lesions 
micrococci  are  often  present,  it  is  possible  that  in  some  cases  a 
local  exacerbation  of  the  valve  disease  takes  place  and  that  the 
formerly  simple  valve  lesion  becomes  directly  ulcerative.  (2) 
It  was  shown  by  Becker  that  when  pyogenetic  micro-organisms 
are  circulating  in  the  blood,  abscesses  are  formed  where  tissues 
are  in  a  condition  of  lowered  vitality  or  have  been  injured. 
Thus,  after  having  injected  such  micro-organisms  into  the  circu- 
lation, he  fractured  subcutaneously  certain  of  the  animal's  long 
bones  and  found  that  abscesses  were  formed  at  the  seats  of 
fracture.  It  is  probable  that  in  the  same  way  a  valve  affected 
with  chronic  disease  offers  a  lower  resistance  to  any  pyo- 
genetic micro-organisms  that  may  be  circulating  in  the  blood. 
But  it  is  not  necessary  that  the  micro-organisms  causing  an 
ulcerative  endocarditis  should  have  first  gained  access  to  the 
body  immediately  before  the  endocarditis  manifests  itself.  We 
do  not  know  yet  how  far  micro-organisms  may  remain  in  the 
body  in  what  may  be  termed  a  latent  condition.  Possibly  the 
bacteria  which  ultimately  cause  an  ulcerative  endocarditis  may, 
in  certain  cases,  have  entered  the  body  long  previously  by  some 
superficial  lesion  and  have  been  hidden  away  in  some  tissue 
without  giving  rise  to  symptoms  owing  to  their  low  order  of 
virulence,  though  they  are  nevertheless  able  to  start  active 
disease  in  an  injured  part  when  a  cause  intervenes  whereby 
they  gain  access  to  the  general  circulation. 

We  shall  not  discuss  here  the  fever,  diarrhoea,  albumosuria, 
glycosuria,  and  other  symptoms  which  are  or  may  be  met  with  in 
patients  in  whom  persistence  of  irritant  action  has  led  to  sup- 
puration and  allied  conditions ;  these  phenomena  will  be  more 
appropriately  considered  under  special  headings.  But  it  may 
briefly  be  said  that  absorption  into  the  circulation,  either  directly 
through  the  capillaries  or  indirectly  by  way  of  the  lymphatics, 
of  the  chemical  products  of  bacterial  action  leads  to  modified 
exercise  of  function  on  the  part  of  many  organs  and  tissues. 
Probably  also  similar  but  less-marked  results  are  produced  by 
absorption  of  the  soluble  portions  of  dead  and  disintegrated 
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tissue  elements,  even  when  solution  has  not  been  brought  about 
by  bacterial  action,  but  on  this  point  we  have  at  present  little  or 
no  definite  information. 

B.  Gangrene  and  Allied  Conditions. — The  other  group 
of  changes  which  results  from  persistence  of  irritant  action — 
gangrene  and  allied  conditions — is  of  a  somewhat  different  order. 
In  all  cases  irritant  action  is  associated  with  degenerative 
changes  of  tissue  elements,  and  these  changes  may  vary  from  so 
slight  a  condition  that  recovery  of  the  tissue  is  possible,  to  con- 
ditions so  severe  that  large  tracts  of  tissue  are  killed  outright. 
Cases  in  which  degenerative  change  is  very  slight  do  not  come 
within  the  category  of  pathological  sequels  to  inflammation,  for 
it  is  obvious  that  when  the  degeneration  is  slight  the  irritant 
must  be  slight  also,  and,  in  particular,  its  action  must  not  persist. 

Where  the  degenerative  changes  are  severe,  one  must  distin- 
guish between  the  results  of  irritant  action  according  as  the 
irritant  is  so  severe  that  it  kills  the  tissue  directly  (in  which 
case  the  dead  tissue  is  called  an  "  eschar "),  or  as  death  of  the 
tissue  follows  persistent  action  of  a  somewhat  less  intense  irri- 
tant and  is  really  due  to  the  pressure  effects  of  the  exudation, 
etc.,  to  which  that  irritant  has  given  origin.  In  the  latter  case 
death  of  the  tissue  in  question  is  due  rather  to  simple  starvation 
from  interference  with  the  blood-supply  than  to  direct  irritant 
action,  and  though  it  is  a  true  sequel  of  inflammation  it  is  com- 
parable with  the  gangrene  which  occurs  in  a  part  whose  blood- 
supply  has  been  cut  off  by  ligature  of  the  nutrient  arteries. 
Nevertheless,  when  a  tissue  has  been  brought  into  a  devitalised 
condition  by  the  direct  action  of  an  irritant,  a  smaller  inter- 
ference with  the  blood-supply  will  bring  about  its  death  than 
would  have  been  necessary  had  the  tissue  been  in  a  normal  state. 

Death  of  tissues  brought  about  in  this  manner  is  usually 
termed  "  gangrene  "  or  "  necrosis,"  and  the  dead  portion  of  tissue 
receives  different  names  according  as  it  consists  of  soft  tissues  or 
of  bone  ;  in  the  former  case  it  is  called  a  "  slough,"  in  the  latter 
case  a  "  sequestrum." 

The  term  "  necrosis,"  too,  is  frequently,  but  not  invariably, 
restricted  to  death  of  bone  or  cartilage,  but  "  gangrene  "  is  used 
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to  cover  death  of  a  part  in  which  these  tissues  are  involved. 
For  example,  a  member  such  as  the  foot  undergoes  "  gangrene," 
though  cartilage  and  bone  are  concerned  in  the  death  as  well  as 
muscle,  skin,  and  other  soft  tissues,  but  in  referring  to  the 
cartilage  and  bone  in  the  same  "  gangrenous "  foot,  the  word 
"  necrosis "  would  be  employed.  "  G-angrene,"  "  necrosis," 
"  slough,"  "  sequestrum "  refer  to  death  of  tissue  en  masse ; 
where  the  dead  tissue  does  not  form  a  macroscopic  quantity  but 
is  broken  up  into  microscopical  fragments,  the  condition,  if  it 
concerns  soft  tissues,  is  called  "ulceration,"  and  if  it  concerns 
bone,  is  called  "caries."  The  essential  point  about  all  these 
terms  is  that  death  involves  masses  of  cells  and  not  individual 
cells. 

Gangrene  may  be  induced  in  many  different  ways,  and 
will  be  more  conveniently  considered  along  with  the  pathology 
of  nutrition  than  along  with  inflammation,  especially  as  the 
varieties  of  gangrene  and  the  changes  undergone  by  a  gangrenous 
part,  which  have  also  to  be  mentioned,  do  not  really  concern  us 
at  present.  Moreover,  for  the  death  of  tissue  in  mass,  persistence 
of  irritant  action  is  only  of  importance  by  inducing  purely 
mechanical  conditions  which  conceivably  might  be  produced  by 
irritant  action,  if  sufficiently  severe,  without  persistence.  The 
exudation,  for  example,  poured  out  into  the  inflamed  ear  of 
a  rabbit,  may  produce  gangrene,  whether  that  exudation  has 
been  poured  out  rapidly  or  slowly,  if  only  it  is  poured  out  in 
sufficient  quantity.  But  with  ulceration  and  caries  the  case  is 
different.  Here  persistence  of  irritant  action  is  essential,  and  for 
this  and  other  reasons,  ulceration  and  caries  come  very  closely 
in  contact  with  suppuration  and  abscess-formation. 

(i.)  Ulceration. — Whenever  an  irritant  has  acted  upon  a 
superficial  tissue,  whether  cutaneous  or  mucous,  and  has  led  to 
death  of  the  superficial  layers  including  the  papillae  of  the 
corium,  inflammation  takes  place  in  the  deeper  layers.  After  a 
shorter  or  longer  time  the  dead  tissue  is  removed,  whether  it  is 
cast  off  as  a  slough  or  is  removed  piecemeal,  and  a  surface 
denuded  of  skin  or  epithelium,  and  of  varying  extent  and  depth, 
is  exposed.    Such  an  exposed  area  is  called  an  "  ulcer,"  and 
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the  process  whereby  the  dead  material,  at  first  organically 
united  with  the  living  tissue,  is  separated  therefrom  is  called 
"  ulceration." 

In  describing  the  process  of  ulceration,  it  is  advisable  to  bear 
a  specific  instance  in  mind,  and  for  this  purpose  the  changes 
that  take  place  in  a  Peyer's  patch  during  typhoid  fever  are  very 
suitable.  In  this  disease  typhoid  bacilli  gain  access  to  the  Peyer's 
patches  of  the  ileum  and  there  lead  to  inflammatory  changes 
which,  aided  by  the  direct  action  of  the  poison  locally  elaborated 
by  the  typhoid  (and  perhaps  other)  bacilli,  cause  death  (gangrene) 
of  the  mass  of  lymphoid  tissue  which  constitutes  the  Peyer's  patch. 
From  this  time  forth  the  patch  is  a  foreign  body  organically 
attached  to  the  intestinal  wall.  It  is  therefore  an  irritant  quite 
apart  from  the  fact  that  it  contains  within  itself  typhoid  bacilli 
and  their  toxin,  and  that,  being  dead  tissue,  it  is  rapidly  invaded 
by  the  putrefactive  micro-organisms,  of  which  the  intestinal 
contents  hold  large  numbers.  From  the  nature  of  the  case,  its 
action  as  an  irritant  upon  the  deeper  layers  of  the  intestinal  wall 
is  persistent.  Now  we  have  already  seen  that  persistence  of 
irritant  action  leads  to  an  inflammation  that  ends  in  pus-forma- 
tion, and  that  this  is  especially  the  case  when  the  irritant  is 
bacterial.  Such  an  inflammation  occurs  in  the  intestinal  wall, 
and  since  only  living  vessels  and  cells  can  enter  into  the  actual 
production  of  an  inflammation,  it  follows  that  the  seat  of  the 
inflammation  is  the  living  tissue  beneath  and  around  the  dead 
Peyer's  patch.  So  also  the  seat  of  actual  pus-formation  is  found 
where  the  irritant  is  of  greatest  intensity,  viz.,  at  the  junction  of 
the  living  with  the  dead  tissue.  When  the  most  superficial 
layer  of  inflammatory  tissue — that  in  which  the  changes  are 
most  advanced — has  broken  down  into  pus  beneath  the  whole 
extent  of  the  necrosed  Peyer's  patch,  the  slough  is  detached  and 
passes  away  with  the  intestinal  contents,  at  the  same  time  leaving 
bare  the  uppermost  layer  of  the  living  but  inflamed  tissue  of  the 
intestinal  wall  as  the  floor  of  a  "  typhoid  ulcer." 

The  actual  separation  of  the  slough,  therefore,  takes  place  at 
the  expense  of  living  tissue.  It  is  not  the  necrosed  Peyer's 
patch  which  undergoes  inflammation  nor  the  Peyer's  patch  that 
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forms  pus,  any  more  than  it  is  the  lead  which  undergoes  inflam- 
mation or  forms  pus  when  suppuration  occurs  round  a  bullet 
that  has  lodged  in  the  body.  But  in  the  living  tissues  around 
the  irritant  afforded  by  the  slough  there  is  formed  a  zone  where 
inflammation  persists  and  where  pus  is  produced  by  a  liquefaction 
of  the  infiltrated  tissue  lying  next  to  the  slough.  In  ulceration 
this  liquefaction  is  always  carried  out  by  living  phagocytic  cells, 
and  though  the  phagocytes  penetrate  into  the  slough,  and  in  some 
degree  remove  it  also  by  their  digestive  action,  they  more  com- 
monly succumb  to  the  poisons  there  present.  This  zone  of  inflam- 
mation in  which  pus  is  being  produced  is  usually  called  the  zone 
of  "  separation  "  or  the  zone  of  "  demarcation." 

Separation  of  a  mass  of  dead  tissue  proceeds  from  the  edges 
inwards.  This  happens,  probably,  because  at  the  edges  bacterial 
action  is  more  pronounced,  and  therefore  the  tendency  to  pus- 
formation  on  the  part  of  the  still  living  tissues  is  greater.  This 
point  may  be  very  well  observed  in  the  separation  of  a  gangrenous 
mass,  such  as  a  toe  or  foot.  At  the  junction  of  the  dead  and 
living  tissues,  but  formed  principally,  if  not  entirely,  at  the  ex- 
pense of  the  living  tissues,  there  is  found  a  deep  trough  in  which 
there  is  a  small  quantity  of  pus.  As  this  trough  becomes  deeper 
and  deeper,  separation  of  the  gangrenous  mass  advances  until 
at  last  the  whole  mass  is  cast  off.  It  is  hardly  necessary  to 
remark,  that  the  rate  at  which  separation  proceeds  depends  to 
a  very  large  extent  upon  the  density  of  the  tissue  concerned. 
Thus,  in  gangrene  of  the  foot,  skin  or  muscle  is  divided  far  more 
rapidly  than  bone  or  tendon ;  nevertheless,  in  the  case  of  all 
these  tissues,  the  process  is  essentially  the  same  one  of  ulcera- 
tion. 

Where  the  mass  of  dead  tissue  is  very  small,  and  particularly 
where  it  is  aseptic,  as  when  an  infarct  results  from  the  lodgment 
of  an  aseptic  embolus,  the  changes  induced  are  different,  in  so 
far  that  they  are  not  so  marked,  but  here  also  the  dead  material 
is  removed  in  the  vast  majority  of  cases,  and  by  the  agency  of 
living  cells  with  the  co-existence  of  inflammation. 

When  an  aseptic  embolus,  for  example,  lodges  in  the  kidney, 
a  cone-shaped  area  of  tissue  dies,  and  being  dead,  it  acts  as  an 
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irritant,  though  no  doubt  a  very  mild  one,  upon  the  surrounding 
tissues.  Nevertheless  it  induces  inflammation  in  its  immediate 
neighbourhood,  and  a  section  of  such  an  infarct  shows  that, 
though  it  itself  may  be  bloodless  and  pale,  it  is  surrounded  by 
a  narrow  hypersemic  zone,  in  which,  microscopically,  signs  of 
inflammation  may  be  observed.  As  the  result  of  persistent 
action  of  the  irritant,  wandering  cells  collect  in  the  inflammatory 
zone  ;  but  since  the  irritant  is  very  slight,  and  above  all  is  aseptic, 
the  inflammatory  material  does  not  break  down  into  pus,  but  the 
phagocytic  wandering  cells  of  all  kinds  invade  the  necrotic  cone 
of  tissue  and  gradually  break  up  and  remove  every  particle  of  the 
infarct.  At  the  same  time,  reparative  tissue — the  nature  of  which 
we  shall  consider  later — invades  the  cone  also,  and  ultimately  not 
a  vestige  of  renal  substance,  even  in  a  degenerated  form,  can  be 
found  at  the  seat  of  the  infarct.  In  its  place  there  is  only 
fibrous  tissue. 

In  some  cases,  however,  where  the  aseptic  mass  of  dead 
material  is  very  large,  fibrous  tissue  does  not  replace  the  whole 
mass,  but  only  its  marginal  portions,  and  then  the  central 
degenerated  mass  of  dead  material  may  lie,  innocuous,  in  a 
fibrous  capsule  for  an  indefinite  length  of  time. 

It  has  been  said  above  that  the  floor  of  a  typhoid  ulcer  is 
formed  by  the  uppermost  layer  of  the  living  inflamed  tissue  of 
the  intestinal  wall.  This  statement  needs  some  little  qualifica- 
tion, for  though  the  base  of  a  typhoid  or  any  other  ulcer  at  the 
moment  of  separation  of  the  slough  consists  of  inflamed  tissue 
normal  to  the  part,  this  is  only  so  for  a  time.  After  an  ulcer 
has  existed  a  certain  length  of  time,  it  is  found  to  have  under- 
gone different  changes,  according  to  the  conditions  under  which 
it  is  placed.    These  changes  we  must  now  consider. 

When  discussing  abscess-formation  we  saw  that  around  the 
margin  of  the  abscess,  at  a  varying  distance  from  the  actual  pus, 
there  is  a  zone  of  potential  repair.  A  similar  zone  exists  beneath 
the  floor  of  an  ulcer,  and  for  the  same  reason  that  it  occurs  around 
a  purulent  focus.  The  changes,  too,  that  go  on  in  the  two  cases 
are  identical.  Either  the  zone  of  potential  repair  beneath  the 
ulcer  becomes  a  zone  of  actual  repair,  in  which  case  the  floor 
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of  the  ulcer  ultimately  consists  of  what  we  shall  hereafter 
describe  as  "granulation  tissue" — this  occurs  if  the  irritant 
ceases  to  act,  or  if  its  intensity  is  below  a  certain  level ;  or 
else,  if  the  irritant  be  intense,  and  persist,  or  if  the  vitality  of 
the  tissue  have  been  greatly  diminished,  the  zone  of  potential 
repair  becomes  a  zone  of  inflammation,  which  in  its  turn  breaks 
down,  and  the  ulcer  increases  in  depth  and  extent.  When  this 
takes  place  in  an  ulcer  of  such  a  viscus  as  the  intestine,  stomach, 
etc.,  the  thickness  of  whose  walls  is  limited,  complete  perforation 
of  the  wall  ultimately  ensues,  with  consequences  of  varying 
importance  and  severity,  into  the  determining  factors  of  which 
we  cannot  now  enter.  As  a  matter  of  fact,  under  ordinary 
circumstances,  irritant  action  is  never  absent  from  the  tissue 
forming  the  floor  of  an  ulcer,  and  the  irritant  being,  in  the  vast 
majority  of  cases,  bacterial  in  nature,  the  floor  of  an  ulcer  is  * 
seen  to  be  covered  with  a  more  or  less  well-marked  layer  of  pus. 
This  formation  of  pus  on  an  ulcer  persists  until,  in  the  process 
of  repair,  growth  of  epithelium  has  completely  covered  the  floor 
of  the  ulcer.  In  a  few  cases  irritant  action  and  resistance  of 
the  tissues  are  so  evenly  balanced,  that  the  ulcer  apparently 
undergoes  neither  extension  nor  repair ;  it  is  then  known  as  an 
"  indolent "  ulcer. 

In  the  process  of  ulceration  quite  an  especial  group  is  formed 
by  those  cases  in  which  the  vitality  of  a  tissue  is  markedly 
lowered,  and  in  which  this,  rather  than  the  intensity  of  the 
irritant,  is  the  essential  condition  upon  which  death  of  tissue 
and  formation  of  an  ulcer  depend.  Thus,  when  the  saphena 
vein  is  varicose,  interference  with  nutrition  of  the  skin  of  the 
leg  in  the  neighbourhood  of  the  ankle — where  the  circulation 
of  blood  is  normally  somewhat  poor — is  frequently  such  that, 
as  the  result  of  a  slight  injury,  there  occurs  necrosis  of  skin  and 
the  formation  of  a  "  varicose  ulcer."  Of  the  same  type,  probably, 
though  brought  about  in  a  different  way,  are  the  gangrenous 
ulcers  that  constitute  "  bed-sores." 

Sometimes  the  lowered  vitality  is  due  to  severance  of  the 
tissue  from  its  nervous  supply.  Bed-sores  of  a  particularly 
acute  onset  frequently  follow  disease  or  injury  of  some  part 
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of  the  nervous  system,  whether  brain  or  spinal  cord.  This 
fact  points  to  an  association  of  nervous  change  with  ulceration, 
evidence  for  which  is  also  given  by  the  "perforating  ulcer" 
of  the  toe  which  occurs  in  "  tabes  dorsalis,"  a  disease  in  which 
the  postero-external  and  the  postero-median  columns  of  the 
cord  undergo  degeneration.  It  will  be  remembered,  too,  that  in 
the  last  chapter  mention  was  made  of  the  part  played  by  the 
nervous  system  in  influencing  the  course  of  an  inflammation. 
Apparently  removal  of  nervous  influence  modifies  the  vitality 
of  the  tissues  involved  whereby  their  resistance  to  irritants  is 
lowered.  That  which  to  normal  tissue  would  be  a  stimulus  or 
a  slight  irritant,  to  them  is  a  severe  irritant. 

Gastric  Ulcer. — In  the  stomach  a  somewhat  peculiar  form  of 
ulceration  occurs,  which  affects  so  many  persons,  and  the  pathol- 
ogy of  which  is  so  debated,  that  it  may  be  mentioned  separately. 
The  ordinary  "  perforating  "  or  "  chronic  "  ulcer  of  the  stomach 
is  commonly  seen  in  two  classes  of  person,  anaemic  young  women 
and  elderly  persons  addicted  to  alcohol ;  it  is  peculiar  in  that 
it  has  a  seat  of  marked  predilection  in  the  stomach,  being,  in  a 
large  majority  of  cases,  single,  and  situated  in  the  lesser  curva- 
ture and  on  the  posterior  wall  of  the  organ.  Its  appearance  is 
characteristic,  for  it  is  shaped  like  a  funnel,  and  its  wider  cir- 
cumference, which  corresponds  with  the  mucous  membrane  of 
the  stomach,  has  clean-cut  edges. 

The  question  as  to  the  pathology  of  gastric  ulcer  is 
closely  bound  up  with  the  question  why  the  stomach  does 
not  digest  itself  normally.  Many  attempts  have  been  made 
to  explain  this  difficulty.  It  has  been  ascribed  to  the  mucus 
which  is  perpetually  being  poured  out  over  the  mucous 
membrane  (Claude  Bernard,  Harley),  to  the  alkalinity  of  the 
blood  which  permeates  the  mucous  membrane  (Pavy),  to  the 
living  condition  of  the  epithelium  covering  the  stomach.  Of 
these  explanations  probably  the  last,  indefinite  though  it  is, 
is  nearest  the  truth.  For  Matthes  found  experimentally  that 
proteolytic  solutions  are  incapable  of  digesting  living  tissues; 
thus  he  placed  a  live  frog  in  a  weakly  alkaline  solution  of 
trypsin  at  25°  C.  for  some  long  time,  and  found  that  it  was  quite 
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unaffected,  except  so  far  as  the  outer  cuticle  was  concerned, 
which,  being  dead,  was  completely  digested. 

The  appearances  of  a  gastric  ulcer  recall  the  shape  of  an 
infarct,  and  one  of  the  earlier  explanations  of  the  pathology 
of  gastric  ulcer  was  that  an  embolus  is  carried  into  one  of 
the  terminal  branches  of  the  gastric  artery.  These  terminal 
branches  being  end-arteries,  it  was  assumed  that  a  cone- 
shaped  mass  of  tissue  undergoes  necrosis  and  is  digested  by 
the  gastric  juice.  This  view  was  adopted  by  Panum  and  by 
Cohnheim,  both  of  whom  investigated  the  question  experi- 
mentally, Cohnheim  by  injecting  lead  chromate  directly  into 
the  gastric  artery  after  introducing  the  cannula  used  for  injec- 
tion so  deeply  that  he  involved  vessels  supplying  the  mucous 
membrane  only.  After  a  few  days  he  found  large  ulcers  with 
sloping  edges  in  the  stomach.  Pavy  advanced  a  slightly  differ- 
ent view.  He  obtained  ulcers  after  ligature  of  branches  of  the 
gastric  artery,  when  the  contents  of  the  stomach  were  made 
hyperacid,  and  ascribed  the  ulcer-formation  to  auto-digestion 
of  the  stomach  combined  with  changes  in  the  vessel  walls. 

It  is  true  that  pathological  conditions  of  the  arteries  have 
been  found  along  with  gastric  ulcer,  but  in  spite  of  this  fact 
and  the  fact  that  Yirchow  pointed  out,  and  Hoffmann  con- 
firmed, the  frequent  occurrence  of  arterial  changes  in  chlorosis, 
the  views  that  the  ulcer  is  due  to  embolism,  and  that  it 
depends  upon  pathological  changes  in  the  gastric  end-arteries, 
are  by  no  means  satisfactory.  Still  less  so,  perhaps,  is  the 
so-called  "spastic"  view  taken  by  Klebs  and  by  Axel  Key, 
according  to  which  spasmodic  contraction  of  the  muscular 
tissue,  either  in  the  walls  of  the  arterioles  (Klebs)  or  in  the 
walls  of  the  stomach  (Key),  produces  local  ansemia  and  death 
of  portions  of  the  gastric  mucous  membrane. 

Matthes  finds  that  the  hydrochloric  acid  of  the  gastric  juice 
acts  as  a  protoplasmic  poison  on  cells,  but  that  the  effect  shown 
by  the  cell  varies  according  to  its  nature,  nutritive  condition,  etc. 
Some  cells  are  not  injured  at  all,  some  suffer  very  severely.  If, 
then,  under  conditions  of  which  we  are  ignorant,  the  acidity  of 
the  gastric  juice  becomes  increased  (and  that  this  sometimes 
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occurs  is  certain),  or  if  the  resistance  offered  by  the  cells  com- 
posing the  gastric  mucous  membrane  to  the  normal  acidity  of 
the  gastric  juice  becomes  diminished,  the  cells  are  killed  over 
a  certain  area,  and  then  are  readily  digested  by  the  proteolytic 
ferment.  Whether  this  be  the  true  explanation  of  the  com- 
mencement of  a  gastric  ulcer  or  no — and  there  are  certain 
difficulties  in  the  way  of  its  acceptance  as  a  full  explanation — 
in  all  probability  the  chronicity  of  a  gastric  ulcer  is  in  part 
due  to  a  hyperacid  reaction  of  the  gastric  contents.  For 
Matthes  found  experimentally  that  a  simple  ulcer,  when  exposed 
to  a  degree  of  acidity  such  as  is  developed  during  digestion, 
readily  becomes  converted  into  a  chronic  ulcer.  Some  part, 
however,  must  be  played  by  the  constant  movement  and  other 
irritation  to  which  the  ulcer  is,  from  the  nature  of  the  case, 
always  subjected. 

It  follows  from  what  has  been  said  that  the  pathology  of 
gastric  ulcer  must,  in  many  respects,  be  unlike  the  pathology  of 
ulcer  in  other  parts ;  in  particular  the  method  whereby  the 
slough  is  removed  is  unique.  Nevertheless,  once  the  gastric 
ulcer  has  been  formed,  the  changes  which  it  undergoes  are 
similar  to  those  undergone  by  any  other  ulcer,  for  a  gastric 
ulcer  may  heal  or  it  may  extend.  If  it  heals,  it  does  so  with 
the  formation  of  a  true  cicatrix ;  if  it  extends,  it  may  perforate. 
That  extension  is  accompanied  by  pus-formation  is  shown  by 
the  fact  that  abscesses  behind  the  stomach  following  on  gastric 
ulcer  are  not  very  rare.  The  absence  of  pus  on  the  surface  of 
a  gastric  ulcer  is  certainly  due  to  the  rapidity  with  which  pus 
is  removed  after  it  has  been  formed. 

(ii.)  Caries. — Caries  of  bone — or,  as  it  is  also  often  called, 
"rarefying  osteitis" — differs  only  from  ulceration  of  soft  parts 
in  respect  of  those  points  which  depend  upon  the  nature  of  the 
tissue  in  which  the  inflammatory  process  is  going  on.  Since 
the  blood-supply  of  bone  is  less  than  that  of  soft  parts  generally, 
and  since,  owing  to  the  deposition  of  calcium  salts,  the  hardness 
of  bone  is  one  of  its  most  characteristic  points,  it  follows 
that,  cceteris  paribus,  dead  bone  can  be  removed  less  rapidly 
than  dead  but  soft  material.     Hence  caries   of  bone  is  a 
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long  process.  Moreover,  solution  of  the  organic  basis  of  bone, 
so  as  to  bring  about  separation  of  the  living  from  the  dead 
tissue,  is  impeded  by  the  presence  of  the  calcium  salts  along 
with  the  organic  matter.  These  calcium  salts  must  be  dissolved 
also,  and  in  this  point  lies  the  only  real  difference  between 
caries  and  ulceration. 

In  caries  of  bone  the  same  formation  of  granulation  tissue  takes 
place  that  we  have  seen  to  take  place  in  ulceration.  Similar 
elements  are  employed  in  the  process,  though  some  confusion 
is  created  by  the  fact  that  different  names  have  been  given  to 
certain  of  the  cells  concerned,  and  similar  results  take  place  in 
the  surrounding  tissues. 

We  will  assume  that  a  portion  of  the  outer  surface  of  the 
shaft  of  the  tibia  has  undergone  necrosis.  At  first  it  is  organi- 
cally in  connection  with  the  still  living  bone,  just  as  the  slough 
is  at  first  organically  in  connection  with  the  deeper  parts  of  the 
intestine  when  in  typhoid  fever  the  inflamed  Peyer's  patch 
undergoes  necrosis.  In  both  cases  the  dead  material  acts  as  an 
irritant  to  surrounding  parts,  and  leads  to  inflammation ;  but 
whereas  in  the  Peyer's  patch  inflammation  can  show  itself 
markedly  beneath  the  dead  material,  in  bone  this  can  only 
occur  to  a  limited  extent,  and  the  region  where  inflammatory 
changes  are  recognised  in  this  case  is  the  periosteum  surround- 
ing the  portion  of  dead  bone.  This  limitation  of  the  area  over 
which  inflammation  can  develop  to  any  great  extent  is  another 
important  cause  for  the  chronicity  of  the  process  of  separation  of 
the  sequestrum.  Nevertheless,  in  the  periosteum  inflammatory 
changes  occur,  with  the  accompanying  hyperemia,  exudation  of 
fluid,  and  migration  of  wandering  cells,  and  around  this  zone  is 
a  zone  of  potential  repair. 

Now,  just  as  in  the  case  of  the  Peyer's  patch  separation  of 
the  slough  is  carried  out  at  the  expense  of  the  living  tissues,  so 
separation  of  the  sequestrum  is  carried  out  at  the  expense  of  the 
living  bone.  The  wandering  cells  in  both  cases  have  digestive 
functions,  and  since  digestion  by  phagocytes  is  accompanied  by 
the  formation  of  acid,  the  calcium  phosphate  and  carbonate,  of 
which  bone  is  so  largely  built  up,  can  be  dissolved  by  phagocytes, 
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though  necessarily  the  process  is  a  slow  one.  The  directions  in 
which  phagocytic  cells  can  wander  are  also  mechanically  limited  to 
the  Haversian  canals,  and  since  the  phagocytes  can  only  attack  the 
bone  surrounding  these  canals  by  erosion  from  the  outside,  they 
come  to  form  a  more  or  less  complete  lining  to  the  canals.  In 
process  of  time  they  dissolve  the  calcium  salts  and  digest  the 
bone  in  their  immediate  neighbourhood,  so  that  the  Haversian 
canals  become  irregularly  widened,  and  the  individual  phago- 
cytes lie  in  small  depressions  or  pits  which  they  have  them- 
selves formed.  These  depressions  are  identical  in  mode  of 
formation  with  the  depressions  known  as  Howship's  lacunae  or 
foveolae,  which  are  found  in  an  ordinary  growing  bone,  and  the 
phagocytic  cells  which  lie  in  the  foveolse  have  similar  appear- 
ances in  both  cases  and  the  same  function.  In  both  cases,  too, 
they  are  called  "  osteoclasts,"  but  in  normal  bone  by  many 
authors  they  are  called  "  myeloplaxes." 

Osteoclasts  have  different  appearances  to  the  cells  which 
we  have  hitherto  described  as  wandering  and  phagocytic  cells. 
They  belong  to  the  class  known  as  "  giant  cells,"  of  which 
mention  will  be  made  hereafter.  As  to  the  phagocytic  proper- 
ties of  giant  cells  in  general  there  is  little  doubt,  and  there  is  no 
doubt  whatever  that  some  kinds  of  giant  cells  (and  osteoclasts  in 
particular)  are  markedly  phagocytic.  We  must  therefore  regard 
osteoclasts  as  identical  in  characters  and  in  function  with  the 
giant  cells  present  in  other  varieties  of  inflammation  or  its  sequels. 

When  the  osteoclasts  have  done  their  work,  the  dead  bone  is 
separated  from  the  living  bone,  and  an  irregular  surface  of  living 
but  inflamed  bone  is  left  which  corresponds  to  the  floor  of  a 
typhoid  ulcer.  But  just  as  in  the  case  of  a  typhoid  ulcer  a  zone 
of  potential  repair  exists  at  some  distance  from  the  slough,  so 
in  the  case  of  necrosis  of  bone  at  some  little  distance  from  the 
sequestrum  there  is  a  zone  of  potential  repair  in  the  periosteum. 
Here  the  young  bone-cells  (osteoblasts)  are  in  a  state  of  pro- 
liferation and  high  activity,  as  in  the  other  case  the  young 
connective  tissue  cells  (fibroblasts  x)  are  in  a  state  of  prolifera- 

1  Perhaps  under  the  term  "fibroblast"  ought  also  to  be  included  young 
endotheloid  cells  ;  upon  this  point  see  below,  p.  348. 
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tion  and  high  activity.  Assuming  that  the  irritant  action 
does  not  extend,  just  as  granulation  tissue  is  produced  in  the 
latter  case  in  this  zone  of  potential  repair,  so  it  is  formed  in 
the  zone  of  potential  repair  in  the  former  case.  And  just  as  the 
process  in  the  neighbourhood  of  the  typhoid  ulcer  ends  in  the 
formation  by  the  fibroblasts  of  their  normal  final  product 
(fibrous  tissue),  so  in  the  neighbourhood  of  the  bone  ulcer,  i.e., 
the  carious  focus,  the  process  ends  in  the  formation  by  the  osteo- 
blasts of  their  normal  product  (bone).  Assuming,  on  the  other 
hand,  that  the  irritant  action  extends,  the  results  in  both  cases 
are  again  similar,  for  just  as  in  the  typhoid  ulcer  the  inflamed 
but  still  living  tissue  of  the  intestinal  wall  breaks  down  and 
the  ulcer  extends,  so  in  the  disease  of  bone  the  still  living  but 
inflamed  bone  breaks  down  and  the  carious  patch  extends. 

(iii.)  Comparison  of  Ulceration  with  Caries. — The  pro- 
cesses at  work  are  therefore  identical.  An  apparent  difference, 
however,  is  produced  by  the  facts  that  the  process  in  the  case  of 
bone  is  not  infrequently  aseptic,  and  is  always  of  long  duration, 
whereas  in  the  intestine  the  process  can  never  be  aseptic  and 
commonly  is  of  relatively  short  duration.  Hence  in  the  intes- 
tine less  of  the  reparative  process  is  seen  along  with  the  presence 
of  an  ulcer  than  is  seen  in  the  bone  when  caries  is  still  going  on. 
Indeed  the  new  formation  of  bone  in  the  neighbourhood  of  a 
carious  focus  is  often  remarkable,  but  the  new  formation  of 
fibrous  tissue  in  the  case  of  a  typhoid  ulcer  is  practically 
restricted  to  the  amount  necessary  for  filling  up  the  vacant 
space.  But  even  here  the  difference  is  apparent  only  and  not 
real,  for  in  the  repair  of  any  ulcer  more  fibrous  tissue  is  at  first 
present  than  is  necessary,  and  the  excess  is  gradually  removed 
after  repair  is  complete,  and  in  the  repair  of  bone,  though  bone  is 
at  first  produced  in  obvious  excess,  this  excess  is  also  gradually 
removed  after  repair  is  complete. 

Another  apparent  difference  between  the  two  processes  we 
have  considered  is  brought  about  in  the  following  way.  The 
broken-down  material  and  the  slough  in  the  case  of  a  typhoid 
ulcer  are  carried  into  the  lumen  of  the  intestine,  and  pass  away 
with  the  intestinal  contents,  but  in  the  case  of  necrosis  of  bone 
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this  cannot  occur,  unless  the  seat  of  necrosis  is  open  to  the  ex- 
ternal air.  Sometimes  this  is  actually  the  condition,  but  not 
infrequently  caries  of  bone  takes  place  without  such  a  communi- 
cation with  the  open  air,  and  in  these  cases  the  broken-down 
material  and  the  dead  bone  must  collect  at  the  seat  of  bone 
destruction.  Under  aseptic  conditions  the  amount  of  broken- 
down  material  may  be  sufficiently  small  for  removal  by  wander- 
ing cells,  and  a  sequestrum  may  become  enclosed  in  a  bony  case 
by  a  process  akin  to  that  which  obtains  in  encapsulation.  But 
when  micro-organisms  are  concerned  in  the  process,  an  abscess 
is  formed  in  connection  with  the  bone.  The  pus  formed  in  these 
cases  "  points  "  as  it  does  in  other  cases  of  abscess,  and  ultimately 
discharges  itself  through  the  skin  or  into  some  cavity.  The 
track  which  the  pus  has  excavated  for  itself,  and  which,  of  course, 
opening  on  the  surface,  leads  down  to  carious  bone,  receives  the 
special  name  of  "  a  sinus/'  but  its  mode  of  formation  is  identical 
with  that  track  which  is  produced  when  an  abscess  in  soft  parts 
has  procured  its  own  evacuation.  So  long  as  destruction  of  bone 
and  pus-formation  are  still  going  on  at  the  bottom  of  a  sinus, 
the  sinus  remains  open,  though  it  may  temporarily  close  by  the 
growth  of  epithelium  over  the  cutaneous  surface,  or  even  by 
coalescence  of  the  walls  of  the  sinus  itself  over  a  limited  area. 
The  irritation  produced  in  the  walls  of  the  sinus  by  the  pus 
which  constantly  passes  over  them,  keeps  those  walls  in  a  state 
of  chronic  inflammation,  and  as  a  result  the  walls  of  a  sinus  are 
composed  of  granulation  tissue,  the  most  external  portion  of 
which  {i.e.,  that  directed  towards  the  lumen)  is  constantly  break- 
ing down  into  pus.  The  pus  or  sero-purulent  fluid  that  exudes 
from  the  orifice  of  a  sinus  is  therefore  in  part  yielded  by  the 
bone  and  in  part  by  the  walls  of  the  sinus  themselves. 

We  may  now  consider  the  phenomena  of  repair  in  detail. 

In  the  lower  animals,  and  particularly  in  animals  unprovided 
with  a  haemal  vascular  system,  repair  of  a  complex  tissue  is  a 
much  more  complete  process  than  it  is  in  the  higher  animals. 
In  the  Asteroidea  if  a  member  be  removed  it  is  completely 
re-formed,  and  the  same  may  obtain  in  the  Crustacea.  Even 
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among  vertebrates,  repair  of  a  specialised  type  is  found  in 
certain  of  the  Reptilia.  But  when  we  come  to  the  higher 
Mammalia  we  find  that  repair  of  a  complex  tissue  is  practi- 
cally confined  to  regeneration  of  epithelia  and  of  various  kinds 
of  connective  tissue.  With  these  higher  animals  alone  we  are 
immediately  concerned. 

V.  Regeneration  of  Tissues  and  Repair. — It  will  con- 
duce to  a  clearer  conception  of  the  processes  involved  in  repair 
of  a  complex  tissue,  if  regenerative  processes  be  first  examined 
in  the  different  elemental  types  of  tissue. 

(i.)  Epithelium. — In  the  case  of  epithelium  we  have  the 
simplest  form  of  regeneration.  The  cells  composing  the  deepest 
or  germinal  layer  divide  in  a  direction  parallel  to  the  surface, 
and  thus,  by  the  constant  formation  of  fresh  layers  from  below, 
the  loss  of  old  and  superficial  layers  is  made  good.  This  process 
is,  of  course,  constantly  going  on  in  normal  life,  and  when,  from 
some  reason,  there  is  a  greater  removal  of  epithelial  cells,  so  long 
as  the  germinal  layer  remains  intact,  repair  simply  takes  place 
by  an  increased  rapidity  of  division  on  the  part  of  the  germinal 
cells.  But  epithelium  cannot  be  generated  except  by  pre-exist- 
ing epithelium,  so  that,  if  the  germinal  layer  has  been  destroyed 
over  any  area,  the  surface  that  is  left  can  only  receive 
a  covering  of  epithelium  by  growth  from  the  intact  germinal 
layer  at  the  periphery.1  Under  the  influence  of  a  stimulus  of 
unusual  persistence  and  of  moderate  intensity,  the  formation 
of  epithelium  from  below  may  outstrip  loss  from  above  and 
the  epidermal  layers  may  become  greatly  increased  in  number. 
If  the  superficial  layers  are  highly  corneous,  the  thickened 
layers  constitute  a  "  callosity."  Inflammation  is  very  commonly 
associated  with  prolific  growth  of  epithelium,  and  in  the  case 
of  the  epidermis,  with  prolific  growth  of  epidermal  structures ; 

1  The  tendency  of  epithelium  to  grow  from  the  edges  is  utilised  in  the  surgical 
operation  of  skin-grafting.  It  was  found  by  Reverdin  that  if  small  portions  of 
skin,  including  the  germinal  layer,  be  placed  on  the  surface  of  a  wound,  not  in- 
frequently the  vitality  of  the  graft  is  maintained  until  it  has  become  organically 
a  part  of  the  tissue  with  which  it  is  in  contact  on  its  under  side.  It  then  forms 
a  focus  whence  the  formation  of  young  epithelium  proceeds  in  all  directions  over 
the  raw  surface  of  the  wound.  By  this  discovery  the  final  healing  of  extensive 
superficial  wounds  has  been  materially  shortened. 
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the  growth  of  hair  or  of  nails  in  the  neighbourhood  of  a  part 
that  has  long  been  the  seat  of  chronic  inflammation  is  often 
remarkable.  The  reason  of  this  overgrowth,  of  course,  lies  in 
the  increased  amount  of  nutriment  supplied  to  the  parts  by  the 
active  hyperemia  and  the  exudation  that  accompany  inflammation. 
Another  very  common  result  of  the  excessive  production  of 
epithelial  cells  is  seen  in  the  prolongation  of  the  inter- 
papillary  processes  into  the  corium  in  the  immediate  neighbour- 
hood of  the  inflammatory  focus. 

In  the  repair  of  epithelium  its  essential  type  is  never 
changed;  a  spheroidal  cell  never  becomes  columnar  or  squa- 
mous, a  squamous  cell  never  becomes  spheroidal.  Nevertheless 
there  is  commonly  some  departure  from  the  usual  form ;  squa- 
mous cells,  for  example,  derived  from  a  rapidly  proliferating 
epithelium  are  neither  so  compressed  nor  is  their  shape  so 
regular  as  when  derived  from  normal  epithelium,  and  spheroidal 
cells  under  similar  conditions  generally  become  polyhedral  from 
mutual  pressure.  The  complex  papillae  of  the  true  skin  are 
never  re-formed  when  once  they  have  been  destroyed,  and  it 
is  the  absence  of  papillae  which  gives  their  characteristic 
smooth  appearance  to  the  epidermal  layers  covering  an  ordinary 
scar. 

(ii.)  The  Connective  Tissues. — Eegeneration  of  the  con- 
nective tissues  forms  the  most  important  portion  of  the  subject 
of  repair,  for  with  the  exception  of  epithelium,  repair  of  all  parts 
in  which  the  tissue  elements  have  been  destroyed  is  carried  out 
in  the  main  if  not  entirely  by  the  new  formation  of  one  or  other 
member  of  this  group.  The  law,  that  less  highly  specialised 
tissues  are  regenerated  more  easily  and  more  completely  than 
more  highly  specialised  tissues,  holds  good  here  also,  for  the  new 
formation  of  simple  fibrous  tissue  is  far  more  common  than 
regeneration  of  the  more  highly  specialised  bone  and  cartilage. 
There  is  a  certain  amount  of  inter  changeability  amongst  the 
members  of  this  group  of  tissues,  but  it  lies  rather  in  the  replace- 
ment of  a  higher  form,  such  as  cartilage,  by  a  lower  form,  such  as 
simple  fibrous  tissue,  than  in  the  opposite  condition.  In  fact  the 
formation  of  cartilage  or  bone  in  the  repair  of  an  injured  simple 
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fibrous  tissue  is  unknown,  whereas  the  repair  of  injured  bone 
or  cartilage  by  the  new  formation  of  fibrous  tissue  is  not  un- 
common. In  this  respect  cartilage  seems  to  be  a  more  highly 
specialised  substance  than  bone,  for  when  cartilage  has  been 
destroyed  as  the  result  of  irritant  action,  new  cartilage  is  not 
formed,  whereas  when  bone  has  been  destroyed  the  cell  prolifera- 
tion which  takes  place  in  the  periosteum  preserves  its  characters 
and  new  bone  is  ultimately  formed.  But  this  new  bone  is  not 
formed  through  an  intermediate  cartilaginous  stage,  even  though 
the  original  bone  may  in  embryonic  life  have  been  laid  down  in 
that  substance.  It  is  produced  by  a  direct  ossification  of  the 
calcified  periosteal  fibrous  tissue,  and  the  osteoblasts  play  the 
same  part  in  new  bone-formation  that  fibroblasts  play  in  new 
fibrous  tissue  formation. 

Fibroblasts. — A  part  in  which  the  formation  of  young  fibrous 
tissue  is  taking  place  shows  the  presence  of  large  numbers  of 
young  connective  tissue  corpuscles  or  fibroblasts.  These  cells, 
when  their  nature  is  beyond  question,  appear  as  large  fusiform 
cells  with  abundant  protoplasm,  which  tapers  towards  the  two 
poles  or  may  perhaps  bifurcate  at  one  extremity  or  both.  The 
protoplasm  stains  very  faintly  and  commonly  appears  hyaline  or 
slightly  granular.  The  nucleus  is  an  elongated,  fusiform  or  oval 
or  rod-shaped  body,  relatively  poor  in  chromatin  and  staining 
faintly  though  more  deeply  than  the  protoplasmic  body  of  the 
cell.  Karyokinetic  figures  in  the  nucleus  are  frequently  to  be 
observed.  Between  individual  cells  may  usually  be  seen  a  few 
strands  of  fine  wavy  connective  tissue. 

When  the  process  is  more  advanced  these  cells  diminish  in 
numbers,  their  protoplasm  becomes  more  scanty,  their  nucleus 
more  elongated  and  angular  and  stains  more  darkly,  karyokinetic 
figures  become  rare,  and  the  amount  of  definite  fibrous  tissue 
between  the  cells  becomes  greater.  As  time  goes  on,  these  features 
become  more  noticeable,  until  at  last  connective  tissue  of  a  type 
scarcely,  if  at  all,  differing  from  normal  connective  tissue  results, 
and  the  nuclei  of  such  fibroblasts  as  remain  are  represented  by 
nuclei  of  the  connective  tissue  corpuscles.  The  process  in  the 
case  of  repair  of  bone  is  exactly  similar  in  all  its  essential 
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details,  though  of  course  deposition  of  calcium  salts  in  the  bodies 
of  the  cells  and  in  the  fibrillar  network  is  superadded. 

Now  though  these  features  may  easily  be  made  out  in  any 
healing  wound,  or,  indeed,  in  any  part  in  which  repair  is  taking 
place,  the  steps  in  the  process  have  been  and  are  a  subject  of 
great  discussion.  The  two  cardinal  points  upon  which  there  is 
disagreement  are,  firstly,  the  origin  of  fibroblasts,  and  secondly, 
the  method  whereby  fibroblasts  form  connective  tissue.  Con- 
cerning each  of  these  points  a  few  remarks  must  be  made. 

The  Origin  of  Fibroblasts. — When  inflammation  first  of  all 
became  the  subject  of  exact  investigation,  it  was  held  that  the 
new  tissue  which  ultimately  appears  is  formed  at  the  expense  of 
the  exudation  and  that  the  fibrin-formation  which  is  so  generally 
evident  in  inflammatory  exudations  is  the  first  step  in  the  pro- 
cess. For  this  reason  such  varieties  of  inflammation  as  ter- 
minate in  the  formation  of  fibrous  tissue  were  called  "  plastic " 
inflammations,  and  the  fibrin  which  formed  in  the  exudation  in 
such  cases  was  called  "plastic"  or  "formative  lymph."  But 
after  Virchow  in  1855  formulated  his  famous  dogma,  Omnis 
cellula  e  celluld,  the  old  view  that  connective  tissue  and  con- 
nective tissue  corpuscles  in  repair  are  formed  from  the  exudation 
gave  way  to  cellular  theories. 

(a)  Hcemal  Theory.  —  Of  these  cellular  theories  one  was 
strongly  supported  by  Cohnheim  and  others,  who  regarded 
the  fibroblasts  as  being  derived  from  haemal  leucocytes.  This 
view  was  largely  based  upon  an  experiment  originated  by 
Ziegler.  Ziegler  placed  small  oblong  chambers  (made  by 
fastening  two  cover-glasses  at  the  four  corners  in  such  a  way 
as  to  leave  a  small  space  between  them)  under  the  skin  of  the 
dog  and  left  them  for  varying  lengths  of  time.  The  space 
between  the  glasses  became  filled  with  cells  which  could  be 
directly  examined  under  the  microscope.  The  cells  present  in 
chambers  that  had  not  long  been  allowed  to  remain  in  the 
subcutaneous  tissue  contained,  besides  fibrin  and  red  blood- 
corpuscles,  numbers  of  colourless  blood-corpuscles,  many  of  which 
were  fatty  and  resembled  pus-cells.  In  chambers  that  had 
remained  in  the  subcutaneous  tissue  about  five  days,  cells  larger 
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than  the  above  first  began  to  show  themselves.  These  cells  in 
their  characters  were  intermediate  between  the  colourless  blood- 
corpuscles  and  the  "  epithelioid "  cells,  whose  appearances  are 
similar  to  those  which  have  already  been  given  for  fibroblasts, 
and  the  existence  of  which  in  the  chambers  was  first  recognisable 
by  about  the  seventh  day.  By  about  the  tenth  or  twelfth  day  the 
presence  of  large  multinuclear  cells — the  so-called  "  giant  cells  " — 
was  noted,  and  in  a  chamber  at  this  date,  leucocytes,  epithelioid 
cells,  giant  cells,  and  transitional  forms  between  all  of  these  were 
recognisable.  Certain  of  the  cells  seemed  to  grow  at  the  expense 
of  other  cells,  so  that  the  more  numerous  the  epithelioid  and 
giant  cells  the  less  numerous  the  leucocytes,  and  it  was  in  this 
way  that  Ziegler  explained  the  formation  of  epithelioid  and  giant 
cells.  These  observations  were  taken  as  furnishing  experimental 
proof  that  migrated  white  blood-corpuscles  are  capable  of  further 
development  and  are  the  primary  source  of  the  new  fibrous  tissue 
which  is  found  in  repair. 

But  this  view  of  Cohnheim  and  Ziegler  was  from  the  first  re- 
ceived with  a  certain  amount  of  opposition,  and  the  subsequent 
work  of  a  large  number  of  investigators  has  tended  to  strengthen 
the  opposition  to  such  an  extent,  that  even  Ziegler  has  at  the 
present  time  altered  his  opinion  and  holds  that  connective  tissue 
is  only  formed  from  connective  tissue. 

(b)  Connective  Tissue  Theory. — The  other  cellular  view  con- 
cerning the  origin  of  fibrous  tissue  in  repair  is,  that  fibroblasts 
arise  from  pre-existing  connective  tissue  corpuscles.  That  this  is 
true  there  can  be  no  doubt,  for  the  changes  that  were  described 
by  Leber  in  the  corneal  corpuscles  after  inflammation  of  the 
cornea  are  conclusive,  and  the  evidences  of  cell  division  seen  in 
connective  tissue  on  the  borders  of  an  area  of  inflammation  are 
equally  unmistakable.  But  whether  this  view  is  entirely  to 
replace  Cohnheim's  view,  it  is  difficult  to  say,  especially  when  we 
consider  that  in  all  reparative  tissue  that  is  on  the  way  to  become 
fibrous  tissue — the  so-called  "  granulation  tissue  " — there  are 
present  large  numbers  of  round  cells  with  faintly  staining  nuclei 
and  a  fairly  large  amount  of  protoplasm,  whose  appearances  are  in 
every  respect  similar  to  those  of  hyaline  wandering  cells  found  in 
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the  blood.  It  is  possible  that  these  uninuclear  cells  in  the  blood 
are  really  derived  from  connective  tissue,  and  that  when  they  are 
found  in  developing  connective  tissue  they  have  only  returned 
to  their  original  home ;  it  is  possible  that  these  uninuclear  cells 
in  connective  tissue  are  quite  distinct  in  origin,  nature,  and  func- 
tion from  ordinary  connective  tissue  corpuscles;  it  is  possible 
that  they  are  developed  from  the  finely  granular  oxyphil  cells 
which  migrate  in  so  large  numbers  from  the  blood-vessels  in 
inflammation,  and  the  phagocytic  and  amoeboid  nature  of  the 
uninuclear  cells  is  well  in  accord  with  such  a  view ;  it  is  possible 
that  in  sections  many  of  them  are  artefacts,  for  transverse  section 
of  a  fibroblast  through  the  nucleus  would  yield  the  appearance  of 
a  uninuclear  hyaline  cell.  Upon  none  of  these  points  have  we 
satisfactory  information,  so  that  until  the  origin  and  fate  of  the 
uninuclear  cells  seen  in  granulation  tissue  is  decided,  it  is  im- 
possible to  deny  that  some  of  the  fibroblasts  may  be  derived  from 
leucocytes,  or  to  assert  that  the  connective  tissue  formed  in  repair 
is  derived  from  pre-existing  connective  tissue  alone.  We  can, 
however,  affirm  with  comparative  certainty  that  pre-existing  con- 
nective tissue  corpuscles  play  a  considerable  part  in  the  process. 

The  view  that  the  cells  concerned  in  repair  are  fixed  tissue 
cells  is  largely  bound  up  with  the  name  of  Strieker.  At  a  time 
when  Cohnheim  was  putting  forward  his  view  that  the  cells  con- 
cerned in  inflammation  and  repair  are  leucocytes,  Strieker  as 
vehemently  was  maintaining  that,  as  the  result  of  irritant  action, 
the  tissues  of  a  part,  whatever  their  nature,  return  to  an  em- 
bryonic condition,  or  in  other  words,  that  they  again  become 
converted  into  cells,  and  again  show  a  marked  tendency  to  proli- 
feration. Just  as  for  Cohnheim  all  cells  in  any  inflammatory  or 
reparative  process  were  at  bottom  leucocytes,  so  for  Strieker  all 
cells  in  such  processes  were  tissue  cells  that  had  reverted  to  an 
embryonic  condition.  Each  of  these  authors,  however,  was  too 
dogmatic  and  exclusive,  and  as  Cohnheim  erred  in  holding  that 
repair  depends  exclusively  upon  further  development  of  leuco- 
cytes, so  Strieker  erred — and  to  a  greater  extent — in  denying 
any  part  to  the  leucocytes  in  pus-formation.  The  solid  import- 
ance, however,  of  some  of  Strieker's  work  is  overlooked  partly 
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because  of  the  bitterness  of  his  attack,  and  partly  because  of  the 
brilliance  of  his  opponent. 

A  view  which  in  some  respects  is  akin  to  that  of  Strieker 
has  been  of  late  years  elaborated  by  Grawitz.  According  to 
this  author,  there  are  present  in  ordinary  connective  tissue 
numbers  of  "  Slumber  cells  (Schlummerzellen) "  which  under 
normal  conditions  are  invisible,  but  which  "  awake  "  under  the 
influence  of  a  suitable  stimulus  and  then  are  recognisable  in 
stained  specimens.  With  their  "  awakening "  the  cells  take  on 
active  properties,  so  that  they  again  wander,  proliferate,  and  form 
connective  tissue  as  before  they  "slumbered."  The  fact  that 
Grawitz's  slumber  cells  are  invisible  reduces  this  view  from  a 
theory  to  a  mere  poetical  conception.  Nevertheless  it  is  well  to 
bear  in  mind  that  though,  with  our  present  methods,  we  may  be 
unable  to  recognise  the  existence  of  cells  in  any  part,  it  does  not 
necessarily  follow  that  no  cells  are  present.  The  revelations 
made  by  Golgi's  method  in  the  histology  of  the  nervous  system 
are  sufficient  to  teach  us  caution  in  this  respect. 

Origin  of  Fibrous  Tissue  from  Fibroblasts. — Concerning  the 
method  whereby  connective  tissue  is  formed  from  fibroblasts, 
discussion  has  been  far  less  animated  than  concerning  the  origin 
of  the  fibroblasts  themselves.  Upon  this  subject  also  there  are 
two  chief  views.  According  to  the  one,  strands  of  fibrous  tissue 
are  formed  by  the  splitting  off  from  the  protoplasm  of  the  fibro- 
blast of  peripheral  layers  in  the  direction  of  the  long  axis  of 
the  cell.  According  to  the  other,  fibrous  tissue  is  produced  by 
a  modification  of  some  substance  secreted  by  the  fibroblasts. 
Upon  this  point  Sherrington  and  Ballance  write  as  follows: — 
"  We  were  unable  to  satisfy  ourselves  on  the  question  as  to 
whether  the  fibrillated  extra-cellular  matter  had  been  formed  by 
direct  transformation  from  the  surface  portion  of  the  cell  body, 
or  whether  it  had  arisen  as  a  secretion  from  the  protoplasm  of 
the  cell.  But  the  latter  view  seems  to  us  the  more  probable,  if 
only  for  the  reason  that  the  fibroblast  cell  and  its  new  capsule  of 
fibrillated  matter  are,  when  taken  together,  much  larger  than,  so 
far  as  we  have  observed,  the  individual  naked  fibroblast  ever  is." 

Endothelium. — Repair  and  proliferation  of  endothelium  must 
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probably  be  considered  quite  apart  from  the  epithelia  and  more 
closely  in  connection  with  the  connective  tissues.  Upon  this 
subject  our  information  is  as  yet  inconclusive,  but  there  is  reason 
to  believe  that  endothelial  cells  like  connective  tissue  cells  are 
embryologically  of  mesodermal  origin.  In  the  processes  consti- 
tuting repair,  it  is  certain  that  proliferation  of  endothelial 
cells,  whether  of  lymphatics  or  of  blood-vessels,  plays  a  very 
prominent  part,  and  there  is  high  probability  that  such  endo- 
thelium as  is  present  in  fully  repaired  tissue  is  derived  directly 
from  pre-existing  endothelium.  But  at  certain  stages  of  their 
life-histories,  and  especially  when  rapid  proliferation  is  taking 
place,  it  is  impossible  by  any  of  the  means  at  our  disposal 
to  distinguish  endothelial  cells  from  fibroblasts  derived  from 
connective  tissue  corpuscles,  and  hence  it  is  impossible  to  say 
whether  any  part  in  repair  other  than  the  formation  of  endo- 
thelial linings  for  new  blood-vessels  is  carried  out  by  these 
cells  or  no.  It  is  by  reason  of  this  similarity  of  appearance 
and  doubt  as  to  origin  that  the  terms  "  fibroblast,"  "  connective 
tissue  corpuscle,"  " endothelioid  cell,"  "epithelioid  cell"  are  so 
frequently  used  interchangeably  in  descriptions  of  inflammation, 
even  by  one  and  the  same  author. 

The  most  important  process  in  repair  with  which  we  are 
acquainted  in  which  proliferation  of  endothelium  plays  a  part 
is  the  new  formation  of  capillary  blood-vessels.  It  is  clear 
that  for  the  nutrition  and  for  the  further  development  of  such 
proliferated  cells  as  are  destined  ultimately  to  form  the  repair 
tissue,  a  sufficient  supply  of  blood  is  necessary.  At  an  early 
stage,  when  the  proliferated  cells  are  relatively  few  in  number, 
that  nutrition  may  be  carried  out  by  means  of  the  exudation 
from  the  pre-existing  congested  blood-vessels.  But  there  is  a 
limit  up  to  which  this  is  possible,  and  at  a  certain  point,  unless 
fresh  methods  are  adopted  for  the  supply  of  nutriment,  further 
development  must  be  arrested,  and  in  all  probability  more  or 
less  marked  degenerative  changes  will  take  place  in  the  young 
cells.  This  additional  ^supply  of  nutriment  is  carried  out  by 
the  formation  of  new  blood-vessels  which  permeate  the  rapidly 
proliferating  tissue. 
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Formation  of  New  Blood-  Vessels — "  Granulations!' — If  a  heal- 
ing ulcer  be  examined  it  will  be  noticed  that  the  surface  of  the 
wound  is  covered  by  a  number  of  red  projections,  each  about 
the  size  of  a  pin's  point.  These  projections  are  minute  blood- 
vessels, and  their  number  and  the  thinness  of  their  walls  are 
readily  evidenced  by  the  smart  bleeding  that  occurs  if  the 
surface  of  the  ulcer  be  subjected  to  even  a  slight  degree  of 
rough  treatment.  It  is  from  the  presence  of  these  "granula- 
tions" on  the  surface  of  such  a  healing  part  that  the  tissue 
which  is  destined  to  repair  the  wound  is  called  "granulation 
tissue." 

If  a  microscopic  section  be  made  of  such  a  granulating  wound 
at  right  angles  to  the  free  surface,  it  will  be  seen  that  a  large 
number  of  capillary  blood-vessels  run  in  more  or  less  parallel 
lines  from  the  deeper  parts  to  the  surface  of  the  wound.  These 
capillaries  do  not  fully  reach  the  surface,  but  are  covered 
either  by  a  small  amount  of  fibrin  or  by  a  few  layers  of  cells 
resembling  haemal  leucocytes,  or  by  a  mixture  of  both  in  vary- 
ing proportions.  Nor  do  they  end  in  free  extremities,  but 
immediately  beneath  the  layer  of  fibrin  and  cells  that  has  been 
mentioned  they  form  a  complete  curve  and  run  in  a  direction 
away  from  the  surface.  These  blood-vessels,  therefore,  form 
loops  analogous  to  the  loops  of  Henle  in  the  kidney,  and  from 
this  fact  they  are  known  as  "  granulation  loops."  In  the  depth 
of  the  wound  these  loops  may  be  seen  to  be  continuous  with 
capillary  blood-vessels  belonging  to  the  uninjured  tissues,  so 
that  there  is  no  difficulty  in  arriving  at  the  conclusion  that  the 
new  capillary  blood-vessels  in  granulation  tissue  are  formed 
from  pre-existing  capillaries  of  the  normal  parts. 

In  the  embryo  Billroth  described  three  methods  after  which 
new  blood-vessels  are  formed.  In  the  first  of  these,  solid 
cylinders  of  cells  closely  united  to  one  another  are  laid  down ; 
these  cylinders  subsequently  become  hollow  by  the  transforma- 
tion of  the  axial  cells  of  the  cylinder  into  blood-corpuscles 
which  are  afterwards  carried  into  the  circulation.  In  the 
second,  more  or  less  fusiform  cells  arrange  themselves  in  such 
positions  as  to  enclose  spaces  which  are  irregular  at  first  but 
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later  become  concerted  into  the  channels  of  blood-vessels.  In 
the  third,  solid  buds  are  formed  from  pre-existing  capillaries 
after  the  manner  described  below ;  these  become  canalised  and 
finally  serve  as  capillaries.  So  far  as  the  lumen  is  concerned, 
the  first  and  third  methods  are  similar  in  that  the  canalisation 
of  the  solid  protoplasmic  masses  is  considered  to  be  carried  out 
by  vacuolation  of  the  central  part  of  the  protoplasm,  and  these 
methods  are  generally  accepted,  but  the  majority  of  authors 
at  the  present  day  do  not  accept  the  second  or  inter-cellular 
mode  of  formation. 

Thoma,  however,  believes  that  the  lumen  in  all  cases  of  new 
formation  of  blood-vessels  is  of  inter-cellular  origin.  He 
acknowledges  two  varieties  of  new  vessel  formation,  "  primary 
new  formation  of  vessels  "  and  "  new  formation  of  vessels  by 
budding."  In  his  first  method,  which  takes  place  when  the  first 
capillaries  are  being  formed  in  the  vascular  area  of  the  embryo, 
the  cells  of  the  mesoblast  become  arranged  in  strands  in  the 
vascular  area.  In  these  strands  rounded  spaces  appear  between 
the  cells,  and  the  margin  of  the  cells  towards  the  spaces  are  more 
refractile.  The  spaces,  which  are  filled  with  a  clear,  probably 
fluid,  substance,  open  into  one  another  and  thus  form  the  first 
capillaries  of  the  vascular  area,  and  the  cells  around  the  hollow 
spaces  become  gradually  transformed  into  pavement  epithelium. 
Thoma's  second  method  of  new  vessel  formation  by  budding — ► 
and  this  method  is  practically  identical  with  that  described  by 
Billroth — begins  in  the  vascular  area  as  soon  as  the  first 
capillary  network  is  formed.  The  protoplasm  of  the  endothelial 
cells  forming  the  walls  of  the  pre-existing  capillaries  sends  out 
solid  conical  buds  which  grow  into  long  threads;  at  the  same 
time  the  nuclei  of  the  endothelium  of  the  capillary  wall  divide 
by  karyokinesis,  so  that  nuclei  are  generally  to  be  found  in  the 
base  of  the  cone-shaped  bud.  The  long  thread-like  prolongations 
of  the  buds  then  unite  with  neighbouring  ones  and  in  this  way 
form  protoplasmic  bridges  between  different  portions  of  the 
capillary  network.  New  formative  cells  not  infrequently  arise 
along  the  side  of  the  buds.  The  buds  then  gradually  become 
hollowed  out,  generally  beginning  from  the  lumen  of  the  capillary, 
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to  the  wall  of  which  they  are  attached,  and  the  lumen  is  pushed 
into  the  buds  in  such  a  way  that  its  sharp  outline  is  always 
distinguishable.  When  these  processes  have  been  completed  in 
two  buds  which  together  bridge  over  the  space  between  two  capil- 
laries, the  bridge  has  become  hollow  in  its  whole  length,  and  a  new 
capillary  has  thus  been  formed  connecting  the  two  old  capillaries. 

In  post-embryonic  life  this  method  of  new  formation  of  vessels 
by  budding  is  the  only  method  known.  It  was  studied  by 
various  authors  and  notably  by  Arnold,  who  investigated  the 
process  in  the  tail  of  the  tadpole,  in  the  cornea,  and  in  the 
vitreous  humour.  A  newly-formed  blood-vessel  is  always  a 
capillary.  If  further  development  take  place  and  the  ultimate 
result  be  the  formation  of  an  artery  or  vein,  the  muscular  coat 
is  probably  formed  by  the  extension  of  muscular  elements  from 
pre-existing  blood-vessels.  In  the  embryo,  however,  the  muscular 
coat  is  probably  in  part  formed  by  a  transformation  of  cells 
apposed  to  the  sides  of  the  young  capillaries.  The  elastic 
elements  of  newly-formed  arteries  and  veins  are  generally  con- 
sidered as  products  of  the  muscular  coat. 

The  arrangement  of  the  young  fibrous  strands  in  repair  is 
largely  determined  by  the  direction  taken  by  the  new  blood- 
vessels, and,  judging  from  the  experiments  of  Sherrington  and 
Ballance,  by  the  lines  laid  down  by  the  filaments  of  fibrin 
formed  in  the  inflammatory  exudation.  In  any  healing  wound 
the  young  fibrous  tissue  and  fibroblasts  are  to  be  found  arranged 
in  greatest  amount  and  most  regularly  in  the  direction  of  and 
in  the  immediate  neighbourhood  of  the  granulation  capillaries. 
Consequently,  the  new  strands  of  fibrous  tissue  in  repair  of  an 
open  wound,  such  as  a  healing  ulcer,  are  principally  arranged  at 
right  angles  to  the  free  surface  of  the  wound.  This  is  only  true, 
however,  for  the  youngest  part  of  the  repair  tissue,  for  in  deeper 
and  more  fully  formed  reparative  fibrous  tissue  the  cells  and  the 
fibrous  tissue  bundles  show  a  much  more  intricate  arrangement ; 
in  particular  it  is  common  to  find  that  the  general  direction 
of  the  young,  highly  cellular,  fibrous  tissue  is  parallel  to  the 
surface  of  the  wound,  and,  therefore,  at  right  angles  to  the 
direction  taken  by  the  granulation  capillaries. 
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This  disposition  of  the  interlacing  fibrous  tissue  is  of  very 
great  importance,  from  the  point  of  view  of  later  changes  occur- 
ring in  the  repair  tissue.  It  is  a  characteristic  of  fibrous  tissue 
that  so  long  as  it  lives  it  undergoes  contraction,  most  rapidly 
when  it  is  young,  less  rapidly  as  its  age  advances.  Now,  that  the 
vascularity  of  the  young  fibrous  tissue  in  repair  is  very  consider- 
able is  shown  by  the  pink  or  red  colour  of  a  recent  scar,  and  the 
change  from  the  pinkness  of  a  young  scar  to  the  dead  whiteness 
of  an  old  scar  depends  upon  the  fact  that  during  its  contraction 
the  reparative  fibrous  tissue  obliterates  a  very  large  proportion 
of  the  blood-vessels  which  were  originally  present  in  the  granula- 
tion tissue.  The  constant  contraction  of  fibrous  tissue  is  also 
accountable  for  the  fact  that  an  old  scar  is  commonly  depressed 
below  the  level  of  the  skin.  A  very  good  example  of  these  two 
conditions  is  seen  in  the  changes  that  occur  after  small-pox.  At 
first,  the  scars  left  on  the  face  and  elsewhere  by  repair  of  the 
ulcers  formed  during  the  course  of  the  disease  are  red  and  on 
a  level  with  the  untouched  skin  in  the  neighbourhood.  But 
with  the  lapse  of  some  months,  contraction  of  the  repara- 
tive fibrous  tissue  leads  to  the  formation  of  the  well-known 
white ,"  pits "  or  "  pock-marks "  with  which  the  face  of  such 
patients  as  have  suffered  severely  are  deeply  and  permanently 
scarred. 

(iii.)  Muscle,  Nerve,  Gland. — In  the  case  of  what  we  may 
consider  to  be  more  highly  specialised  tissues,  such  as  muscle, 
gland,  and  nerve,  questions  of  repair  are  very  difficult.  In  the 
case  of  epithelium  and  fibrous  tissue,  repair  and  regeneration  are 
synonymous  terms,  but  here,  at  the  very  outset,  we  have  to  dis- 
tinguish the  two  processes.  For  there  is  no  doubt,  if  a  consider- 
able portion  of  muscle,  gland,  or  nerve  substance  has  been 
removed  or  destroyed,  that  the  greater  portion  of  repair  is  not 
regeneration,  but  replacement,  since  the  space  left  by  destruction 
of  any  of  these  tissues  is  filled  up  by  a  tissue  different  from  that 
which  existed  in  the  region  originally.  In  all  these  cases  repair 
is  carried  out  by  an  overgrowth  of  fibrous  tissue,  and  for  this 
reason  in  the  higher  animals  "  repair  "  comes  to  be  synonymous 
with  "  new  fibrous  tissue  formation."'    Eepair  of  highly  specialised 
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tissues  in  such  animals  certainly  occurs,  but  whether  regenera- 
tion occurs  is  a  different  matter. 

(a)  Unstriped  Muscle.  —  If  we  consider  unstriped  muscle,  it 
seems  reasonable  to  expect  that  when  there  is  destruction,  repair 
should  be  carried  out  by  regeneration  of  similar  unstriped  muscle. 
We  know  that  unstriped  muscle  fibres  can  proliferate,  because 
the  changes  seen  in  the  uterus,  for  example,  in  successive  preg- 
nancies, can  only  happen  because,  under  the  stimulus  of  concep- 
tion, the  latent  proliferative  power  of  the  muscle-cells  is  called 
into  play.  But  as  a  matter  of  fact,  we  find  that  if  a  part,  such 
as  the  uterus,  bladder,  or  intestine,  into  whose  composition 
unstriped  muscle  largely  enters,  be  the  seat  of  injury,  repair  is 
carried  out,  not  by  the  new  formation  of  unstriped  muscle,  but 
by  the  new  formation  of  fibrous  tissue.  We  have  here  a 
remarkable  instance  of  the  fact  that  the  kind  of  stimulus  is 
important  in  determining  the  kind  of  cell  proliferation  that 
shall  take  place ;  for  as  in  the  uterus,  so  in  the  other  viscera  that 
have  been  mentioned,  stimuli  of  a  certain  kind  lead  to  prolifera- 
tion of  the  unstriped  muscular  tissue.  In  the  same  organ  one 
kind  of  stimulus  leads  to  proliferation  of  muscle  fibre  cells, 
another  kind  of  stimulus  leads  to  proliferation  of  connective 
tissue  cells. 

(b)  Striated  Muscle.  —  Eepair  of  striated  muscle  also  takes 
place  by  formation  of  fibrous  tissue,  but  there  is  no  definite 
evidence,  in  spite  of  assertions  to  the  contrary,  that  regenera- 
tion of  striated  muscle  ever  occurs.  In  this  respect  there  is  a 
difference  between  the  two  kinds  of  muscle,  for  one  must  regard 
the  unstriped  muscle  found  in  the  pregnant  uterus  and  in  the 
newly-formed  arteries  and  veins  of  scar  tissue  as  having  been 
regenerated. 

(c)  Nerve.  —  The  same  distinction  between  regeneration  and 
repair  must  be  made  in  the  case  of  nerves  and  glands.  If  a 
nerve  be  divided,  and  the  two  ends  be  brought  together,  assum- 
ing other  conditions  to  be  favourable,  repair  of  the  wound  takes 
place,  and  the  anatomical  continuity  of  the  nerve  is  re-established 
by  the  formation  of  the  necessary  amount  of  new  fibrous  tissue 
between  the  two  ends.    But  re- establishment   of  functional 
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activity  may  be  long  delayed,  or,  indeed,  may  never  take  place 
at  all,  and  in  that  case  one  must  conclude  that  though  repair 
takes  place,  regeneration  is  absent.  On  the  other  hand,  in 
fortunate  cases,  physiological  continuity  of  such  a  divided  nerve 
may  in  time  be  fully  re-established.  How  this  result  is  attained 
is  a  subject  of  discussion,  but  the  balance  of  evidence  seems  to 
be  in  favour  of  the  view  that  such  functional  fibres  as  are  found 
at  a  later  date,  in  the  case  of  an  efferent  nerve,  on  the  distal  side 
of  the  original  seat  of  injury,  are  produced  by  direct  downward 
growth  of  the  central  ends  of  the  cut  axis-cylinders  which  are 
in  connection  with  the  living  ganglion  cells,  and  the  nutrition  of 
which  is  therefore  maintained.  The  reason  why  the  new  fibres 
in  the  distal  part  of  the  nerve  lie  in  the  old  trunk  is  probably 
because  they  find  least  resistance  in  this  direction  to  their 
growth.  Eegeneration  of  nerve,  if  this  view  be  correct,  must 
therefore  be  strictly  analogous  to  the  formation  of  unstriped 
muscle  in  the  case  of  newly-formed  arteries. 

(d)  Gland. — Concerning  glands  the  case  is  yet  again  some- 
what different.  If  the  main  bulk  of  the  gland  lies  in  the  depth 
of  a  mucous  membrane  strict  regeneration  may  take  place. 
Thus  in  the  female  the  tubular  glands  of  the  endometrium  are 
re-formed  every  month  in  spite  of  the  fact  that  by  far  the 
greater  part  of  the  total  length  of  each  gland  is  cast  off  with 
the  disintegrated  mucous  membrane  that  is  shed  at  each 
menstrual  period.  But  the  bases  of  the  glands  lie  not  in  the 
mucous  membrane  but  in  the  muscular  tissue,  so  that  there  is 
always  in  the  healthy  state  of  the  uterus  a  certain  portion  of 
the  gland  left  from  which  regeneration  can  take  place.  On  the 
other  hand,  if  a  portion  of  such  a  gland  as  the  mamma  be 
removed,  repair  and  not  regeneration  follows,  or  at  least  is  the 
more  obvious  condition. 

One  cannot  definitely  assert,  however,  that  regeneration  of 
gland  substance  in  such  a  case  as  the  one  last  mentioned  does 
not  occur,  for,  according  to  Ponfick  and  others,  after  removal  of 
considerable  portions  of  liver  and  kidney,  a  true  regeneration 
of  the  essential  gland  substance  takes  place  by  division  of  the 
still  remaining  elements.    We  have  to  distinguish,  however,  in 
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the  case  of  glands,  the  regeneration  of  glandular  epithelium, 
which  is  a  comparatively  simple  process,  having  its  analogies 
with  regeneration  of  epithelium  in  ordinary  life,  from  the  re- 
generation of  glands  as  composite  bodies.  The  former  must  be 
very  common  and  complete,  but  the  latter,  we  have  reason  to 
believe,  is  very  rare  and  incomplete.  It  is  probably  because 
of  the  great  simplicity  of  the  uterine  glands  that  their  re- 
generation is  so  readily  effected  ;  anatomically,  they  consist  of 
little  else  than  a  single  layer  of  epithelial  cells. 

Giant  Cells. — Before  proceeding  to  describe  the  modes  in  which 
repair  takes  place  under  different  conditions,  it  is  necessary  to 
mention  briefly  a  variety  of  cell — the  giant  cell — which  is  very 
frequently  found  in  association  with  the  sequels  of  inflamma- 
tion, though  in  the  normal  body  it  is  only  found  in  red  medulla 
of  bone. 

Giant  cells  vary  in  size ;  in  one  case  they  are  perhaps  only 
twice  the  size  of  the  hyaline  cell,  in  other  cases  they  may  be 
forty  or  fifty  times  its  size.  Their  characteristic  feature  is  that 
they  consist  of  a  mass  of  undifferentiated  protoplasm  in  which  is 
present  a  variable  number  of  nuclei.  The  protoplasm  is  hyaline 
and  shows  no  intrinsic  granules,  though  as  a  result  of  the 
phagocytic  function,  to  which  reference  will  be  made  below, 
foreign  particles  of  the  greatest  diversity  may  be  found  within 
the  cells.  Usually  in  microscopical  specimens  the  cell  is 
separated  by  a  more  or  less  well  denned  space  from  the  sur- 
rounding tissue,  but  this  is  probably  an  artefact,  and  due  to 
contraction  of  the  protoplasm  during  the  process  of  hardening. 
Not  infrequently  the  protoplasm  sends  prolongations  in  various 
directions,  so  that  the  outline  of  the  cell  is  somewhat  irregular ; 
indeed  a  giant  cell  has  no  "  typical "  shape. 

The  number  of  nuclei  present  in  a  giant  cell  is  do  less  vari- 
able than  the  size  and  shape  of  the  cell  itself.  Sometimes  only 
two  or  three,  sometimes  as  many  as  a  hundred,  nuclei  may  be 
seen  in  a  single  cell.  Generally,  however,  the  number  of  nuclei 
in  a  giant  cell  seen  in  a  microscopical  section  varies  between 
about  five  and  twenty.    The  arrangement  of  the  nuclei  is  very 
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irregular  also;  in  one  case  they  may  be  crowded  together  at 
one  spot,  leaving  the  main  body  of  the  cell  free ;  in  another  case 
they  may  be  more  or  less  evenly  distributed  through  the  mass 
of  protoplasm ;  and  in  yet  another  case  they  may  be  arranged 
for  the  most  part  around  the  periphery  of  the  cell.  Giant  cells 
found  in  tubercular  inflammation  are  roughly  characteristic  of 
this  variety  of  inflammation,  the  nuclei  being  usually  arranged 
somewhat  in  the  form  of  a  crescent  at  one  end  of  the  cell,  and 
the  outline  of  the  protoplasm  being  rounded  at  this  extremity. 
The  appearance  yielded  by  the  cell  as  a  whole  is  thus  often 
highly  suggestive  as  to  the  nature  of  the  inflammatory  process 
in  which  it  is  present.  The  nuclei  of  giant  cells  may  be  large  or 
small,  oval  or  round,  and  may  stain  deeply  or  faintly.1 

Giant  cells  may  be  found  in  any  variety  of  inflammation,  but 
they  are  especially  common  in  inflammation  of  bone,  in  tuber- 
culosis, and  in  actinomycosis,  facts  which  suggest  that  chronicity 
of  inflammation  plays  some  part  in  their  formation.  According 
to  Sherrington  and  Ballance's  experiments  on  the  guinea-pig 
giant  cells  were  found  in  the  glass  chambers  used  (see  below) 
three  days  after  the  chambers  had  been  inserted  into  the  sub- 
cutaneous tissue.  In  the  dog,  under  approximately  similar 
conditions,  Ziegler  did  not  find  them  until  about  the  tenth  or 
twelfth  day. 

There  is  some  doubt  as  to  the  manner  in  which  giant  cells 
are  formed.  They  may  apparently  either  be  produced  by  fusion 
of  the  protoplasm  of  many  cells,  the  nuclei  remaining  distinct, 
or  by  repeated  division  and  subdivision  of  the  nucleus  of  one 
cell,  the  protoplasm  of  which  does  not  segment  as  in  normal 
cell  proliferation.  Judging  from  analogy,  the  former  method 
would  seem  to  be  the  more  probable,  for  the  formation  of 

1  In  some  cases  appearances  very  similar  to  those  presented  by  giant  cells  are 
pure  artefacts,  as,  for  example,  when  either  a  lymphatic  or  a  capillary  blood-vessel 
filled  with  solid  but  amorphous  substance  is  seen  in  transverse  section.  There  is 
then  found  a  central  slightly  granular  mass,  around  which  is  arranged  a  more  or 
less  regular  layer  of  endothelial  nuclei.  If  the  nuclei,  owing  to  localised  prolifera- 
tion of  endothelium,  are  heaped  together  at  certain  spots  on  the  periphery,  it  may 
be  almost  impossible  to  determine  with  certainty  whether  such  an  appearance  is 
a  true  giant  cell  or  no. 
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plasmodial  masses  by  wandering  cells  may  readily  be  observed 
outside  the  body  in  a  hanging  drop,  in  which,  besides  the 
wandering  cells,  bacteria  are  also  present.  Whether  the 
presence  of  many  nuclei  in  undifferentiated  protoplasm  is  to 
be  regarded  as  a  sign  of  weakness  of  the  cell  (Weigert)  or 
as  the  sign  of  a  reaction  to  a  powerful  "  formative  "  stimulus 
(Virchow),  it  is  difficult  to  say,  but  according  to  Weigert 
many  of  the  nuclei  in  the  periphery  of  the  cells  are  dead  or 
degenerated. 

As  to  the  nature  of  the  cells  concerned  in  the  formation  of 
giant  cells  there  is  also  some  doubt,  but  most  probably  they 
arise  from  the  fixed  tissue  cells,  using  that  term  in  the  broadest 
sense.  Arnold,  however,  believes  that  they  are  of  hsemato- 
genous  origin. 

We  have  already  said  that  the  giant  cells  found  in  bone 
(osteoclasts)  are  phagocytic;  this  property,  which  led  Metch- 
nikoff  to  include  giant  cells  amongst  his  group  of  "  macro- 
phages," is  common  to  giant  cells  generally,  but  it  is  not 
known  whether  the  property  is  universal.  They  englobe  not 
only  bacteria  but  also  entire  cells — indeed,  a  view  that  was  at 
one  time  put  forward  was  that  the  nuclei  of  a  giant  cell 
are  the  still  undigested  nuclei  of  cells  that  had  previously 
been  englobed  and  the  protoplasm  of  which  had  been  digested. 
Just  as  osteoclasts  remove  the  trabecule  of  bone  in  rarefying 
osteitis,  so  giant  cells  in  other  parts  may  remove  the  dead 
fibrous  tissue  and  fibrin  resulting  from  inflammation.  Soudake- 
witch  in  chronic  inflammation  of  skin  {e.g.,  lupus)  actually 
observed  that  giant  cells  surround  and  destroy  the  elastic 
fibres  of  the  skin.  From  this  it  follows  that  giant  cells  may  be 
amoeboid,  but  whether  all  varieties  of  giant  cell  are  amoeboid, 
or  whether  they  are  amoeboid  only  during  certain  phases  of 
their  life-history,  is  unknown.  Neither  is  it  known  whether 
giant  cells  undergo  further  development,  and  in  particular 
it  is  uncertain  whether  they  bear  a  part  in  the  formation  of 
fibrous  tissue  in  repair,  but  the  balance  of  evidence  seems  to 
indicate  that  no  such  further  development  takes  place.  Accord- 
ing to  one  view  (Creighton)  giant  cells  are  vaso-formative,  but 
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there  seems  to  be  no  distinct  evidence  in  favour  of  this  view,  and 
there  is  some  evidence  to  the  contrary  (Sherrington  and  Ballance). 

VI.  The  Progress  of  Repair. — It  will  conduce  to  a  clearer 
understanding  of  the  processes  intervening  between  the  moment 
when  an  irritant  commences  to  act  and  the  completion  of 
repair,  if  we  take  certain  specific  examples  and  trace  them 
from  beginning  to  end.  For  this  purpose,  conditions  where  the 
macroscopic  appearances  presented  are  widely  dissimilar  are  the 
most  suitable,  for  in  that  way  the  statement  that  the  essential 
processes  underlying  inflammation  and  its  sequels  are  every- 
where the  same  will  be  more  strikingly  brought  out.  With 
this  object  we  shall  examine  as  shortly  as  possible  the  healing 
of  a  wound,  the  repair  of  a  long  bone  fractured  by  mechanical 
injury,  and  the  formation  of  a  fibroid  pleurisy. 

(i.)  Healing  of  a  Wound. — Five  methods  were  formerly 
described  by  which  healing  of  a  wound  might  possibly  take 
place.  These  methods  were :  (i.)  healing  by  immediate  union  ; 
(ii.)  healing  by  first  intention ;  (iii.)  healing  by  second  intention  ; 
(iv.)  healing  by  secondary  adhesion ;  (v.)  healing  under  a  scab. 
In  healing  by  primary  union  it  was  supposed  that  actual  union 
of  divided  cells  and  fibres  takes  place,  but  there  is  no  doubt 
that  such  a  method  of  repair  never  occurs,  at  all  events  in 
higher  animals ;  it  may  therefore  be  completely  disregarded. 
The  distinction  made  between  healing  by  first  intention  and 
healing  by  second  intention  was,  that  in  the  former  case  no  pus 
is  produced,  whereas  in  the  latter  case  healing  occurs  after 
supervention  of  suppuration.  Eepair  by  second  intention  is 
the  slower  process  of  the  two,  and,  as  a  rule,  the  resulting  scar 
is  larger  than  it  would  have  been  if  the  same  wound  had  healed 
by  first  intention.  In  healing  under  a  scab  a  hard  mass  of 
dried  exudation,  blood,  etc.,  covers  the  seat  of  repair,  but 
actually  there  is  no  difference  in  this  method  from  the  method 
of  healing  in  the  two  previous  cases.  When  healing  under  a 
scab  takes  place,  however,  repair  is  generally  by  first  intention. 
Healing  by  secondary  adhesion  was  said  to  occur  when  two 
suppurating  surfaces  were  brought  together  with  the  subsequent 
formation  of  reparative  tissue  between  them. 
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Since  healing  by  primary  union  and  healing  under  a  scab 
must  be  discarded  as  distinctive  methods  of  healing,  we  there- 
fore reduce  the  methods  of  healing  to  three  :  (i.)  healing  by  first 
intention ;  (ii.)  healing  by  second  intention ;  (iii.)  healing  by 
secondary  adhesion.  When  these  three  methods  have  been 
described,  it  will  be  seen  that,  however  different  they  may 
be  macroscopically,  the  processes  at  work  are  in  all  cases  the 
same. 

The  statements  that  have  already  been  made  in  earlier  parts 
of  this  chapter  strongly  suggest  that  the  difference  between  heal- 
ing by  first  intention  (where  pus  is  not  formed)  and  healing  by 
second  intention  (where  pus  is  formed)  depends  upon  the  fact 
that  microbial  irritants  play  an  important  part  in  the  latter  case 
but  an  unimportant  part  in  the  former  case.  For  pus-formation, 
as  we  have  seen,  is  very  closely  bound  up  with  the  presence  of 
bacterial  irritants.  This  suggested  difference  is  actually  found 
to  obtain,  and  we  may  therefore  consider  separately  the  processes 
occurring  in  an  aseptic  wound  and  those  occurring  in  a  septic 
wound. 

(a)  The  Wound  is  Aseptic.  Healing  hy  First  Intention. — If 
an  incision  be  made  through  the  living  skin  and  subcutaneous 
tissues  with  strict  antiseptic  precautions,  the  wound  gapes  some- 
what and  the  blood  which  escapes  from  the  cut  vessels  fills  the 
cavity.  Part  of  this  blood  escapes,  but  part  coagulates  and 
remains  between  the  cut  edges  of  the  wound.  The  knife,  the 
tissues  actually  destroyed  by  the  knife,  and  the  blood-clot  act  as 
primary  and  subordinate  irritants  and  produce  inflammation 
in  the  surrounding  tissues  which  is  of  small  extent,  but  which 
is  accompanied  by  the  acceleration  with  subsequent  slowing  of 
blood-current,  the  migration  of  wandering  cells,  the  exudation  of 
fluid  that  characterise  every  inflammation.  Around  this  zone  of 
inflammation  lies  a  zone  of  potential  repair  where  there  is  active 
hyperemia  associated  with  exudation  and  proliferation  of  cells, 
principally  of  the  connective  tissue  and  endothelial  types.  These 
zones  of  inflammation  and  of  potential  repair  are  present  in  all 
cases ;  it  does  not  matter  how  deep  the  wound  may  have  been  so 
long  as  it  has  involved  the  true  skin  and  the  patient  has  not 
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died  from  the  injury,  nor  how  wide  the  edges  may  have 
gaped,  nor  how  great  an  amount  of  clot  may  lie  between  the 
edges. 

The  exudation  from  the  inflamed  vessels  and  the  migrated 
leucocytes  make  their  way  in  large  part  to  the  cut  surfaces  of 
the  wound  and  mix  there  with  the  peripheral  portions  of  the 
blood-clot,  forming  with  it  a  coagulum  of  greater  or  less  extent, 
which  fills  the  space  between  the  cut  surfaces.  The  coagulum 
rapidly  contracts  and  brings  the  edges  of  the  wound  closer 
together,  but  at  the  same  time  it  acts  as  a  mild  irritant  and  keeps 
up  the  inflammation.  The  tissues  for  a  short  distance  from  the 
raw  surfaces  therefore  become  oedematous  from  exudation  and  are 
infiltrated  with  wandering  cells,  which  also  invade  the  coagulum 
itself.  In  the  coagulum,  besides  the  contraction,  there  has  also 
been  going  on  a  breaking  down  of  the  red  blood-corpuscles  and 
a  setting  free  of  irregular  granules  of  altered  blood-pigment, 
which,  together  with  the  debris  of  the  corpuscles,  is  taken  up  by 
the  phagocytic  wandering  cells  and  carried  away,  so  that  the 
coagulum,  which  was  at  first  red,  later  becomes  grey  or  colour- 
less. At  the  same  time,  new  formation  of  blood-vessels  has  been 
taking  place  in  the  zone  of  potential  repair,  and  the  new 
capillaries,  lined  on  the  outside  with  fibroblasts,  pass  into  the 
modified  coagulum,  being  supported  by  the  fibrinous  network  as 
by  a  scaffolding.  In  this  way  the  clot  is  vascularised  by  a 
number  of  young  capillary  blood-vessels  running  at  right  angles 
to  the  surfaces  of  the  wound  and  traversing  the  wound  from  side 
to  side.  As  the  vessels  push  onwards,  the  fibrinous  network  of 
the  coagulum,  the  remains  of  red  blood-corpuscles,  and  probably 
also  the  finely  granular  oxyphil  cells  (which  were  earliest  in  the 
field),  are  removed  by  the  hyaline  and  other  phagocytic  cells. 
Ultimately  the  place  originally  occupied  by  the  blood-clot  is 
occupied  by  a  mass  of  young  and  very  vascular  connective  tissue. 
Over  this  tissue  epithelium  grows  from  pre-existing  epithelium 
and  the  space  is  filled  up  and  covered  over.  Eepair  is  now 
complete,  but  the  young  fibrous  tissue  contracts,  obliterates  in  its 
contraction  all  or  most  of  the  blood-vessels,  and  the  resulting  scar 
becomes  dead-white,  and  as  a  rule  depressed  beneath  the  general 
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level  of  the  skin.  The  length  of  time  occupied  by  the  process 
in  a  healthy  subject  depends  principally  upon  the  amount  of 
coagulum  that  has  to  be  removed  and  the  amount  of  repair  tissue 
that  is  required  to  fill  the  gap.  If  the  edges  of  the  wound, 
instead  of  being  allowed  to  gape,  are  brought  together,  these 
factors  are  considerably  reduced,  the  size  of  the  resulting  scar  is 
diminished,  and  the  actual  time  taken  in  bringing  about  complete 
repair  is  reduced  also. 

(b)  The  W ound  is  Septic.  Healing  by  Second  Intention. — In 
considering  the  healing  of  a  wound  by  second  intention,  the  chief 
points  we  must  bear  in  mind  are  that  the  irritant  (because  it  con- 
tains a  bacterial  factor)  is  generally  more  intense,  that  its  sphere 
of  influence  is  likely  to  spread,  and,  as  a  result  of  these  con- 
ditions, that  its  action  is  prolonged.  These  facts  of  themselves 
explain  why  the  inflammation  due  to  the  primary  irritant  passes 
into  one  of  the  pathological  sequels  of  inflammation  (pus-forma- 
tion). They  also  indicate  that  the  tissue  destruction  in  this  case 
must  be  greater  than  when  the  contrary  conditions  obtain,  as  they 
do  to  a  large  extent  in  healing  under  aseptic  conditions  {i.e.,  by 
first  intention). 

Healing  by  second  intention  is  a  much  slower  process  than 
healing  by  first  intention.  For  though  in  both  cases  there  is 
dead  material  to  be  removed  before  repair  can  be  completed,  in 
healing  by  first  intention  the  irritant  does  not  form  substances 
which  are  themselves  injurious  to  the  newly  proliferated  tissue 
cells,  whereas  in  healing  by  second  intention  the  young  cells  are 
hampered  in  their  phagocytic  and  reparative  functions,  because 
they  are  exposed  to  the  action  of  highly  injurious  chemical 
substances  of  bacterial  origin.  The  chronicity  of  healing  by 
second  intention  further  depends  upon  the  fact,  that  a  wound 
which  is  healing  in  this  manner  must  heal  from  the  bottom. 
This,  indeed,  follows  indirectly  from  what  has  been  already  said. 
For  where  pus  is  being  formed  the  tissues  are  degenerating,  and 
degeneration  at  any  spot  is  incompatible  with  repair  at  that 
same  spot.  It  is  only  when  the  formation  of  pus,  and  with  it  the 
inflammatory  changes  going  on  in  its  neighbourhood  have  been 
stayed  at  a  given  spot,  that  the  zone  of  potential  repair  lying 
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outside  the  zones  of  inflammation  and  of  pus-formation  can 
become  converted  into  a  zone  of  actual  repair. 

But  by  the  nature  of  the  case  these  eventualities  are  matters  of 
some  difficulty.  If,  however,  by  the  bactericidal  action  of  the 
exudation  or  by  phagocytosis  or  by  any  surgical  intervention,  the 
bacteria  on  the  surface  of  the  wound  are  prevented  from  exerting 
their  action  upon  the  reparative  tissue,  fibroblasts  are  able  to 
travel  further  and  further  towards  the  surface  of  the  wound,  rang- 
ing themselves  along  the  sides  of  newly-formed  capillary  blood- 
vessels, and  ultimately  the  composite  tissue  known  as  granulation 
tissue  is  produced.  That  this  granulation  tissue  does  not  break 
down  under  the  influence  of  the  bacterial  poison  in  cases  where 
repair  takes  place  in  the  absence  of  special  antiseptic  precau- 
tions, is  due  to  the  fact  that  blood-plasma  readily  exudes  and 
leucocytes  readily  migrate  from  the  delicate  vessels  of  which 
granulation  tissue  is  so  largely  composed.  Concerning  the 
action  of  this  exudation  and  of  these  cells  upon  bacteria  we 
shall  speak  presently,  but  there  is  no  doubt  that  but  for  them 
repair  of  a  wound  to  which  pyogenetic  bacteria  have  gained 
access  would  be  impossible.  It  is  for  the  same  reason  that 
dangers  of  haemal  infection  and  intoxication  (pyaemia,  septicaemia, 
sapraemia)  cease  with  the  formation  of  granulation  tissue,  though 
no  doubt  the  absence  of  lymphatics  from  granulation  tissue  plays 
its  part  also. 

It  is  clear,  then,  that  healing  by  second  intention  differs  from 
healing  by  first  intention  only  in  the  point  that  in  the  former 
case,  the  irritant  being  more  intense  and  persistent,  actual  repair 
is  preceded  by  one  of  the  pathological  sequels  of  inflammation. 
The  greater  degree  to  which  irritant  action  enters  into  the  pro- 
cess leads  to  a  greater  degree  of  inflammation,  with  its  concomi- 
tant greater  degrees  of  tissue  degeneration,  of  exudation,  of 
leucocytic  migration.  It  prolongs  the  duration  of  inflammatory 
processes  with  which  repair  is  incompatible,  but  since  at  some 
greater  or  less  distance  from  the  point  of  application  every 
irritant  becomes  a  stimulus,  and  since  every  such  stimulus  shows 
itself  by  proliferation  of  connective  tissue  cells  and  endothelial 
cells,  the  component  parts  of  the  zone  of  potential  repair  are  the 
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same  in  every  case,  whether  the  irritant  be  great  or  small,  whether 
its  action  be  prolonged  or  not,  whether  its  nature  be  organised  or 
unorganised.  So  also  the  changes  that  take  place  in  that  zone 
of  potential  repair  when  it  becomes  converted  into  a  zone  of 
actual  repair  consist  in  all  cases,  as  they  must  of  necessity  con- 
sist, in  new  formation  of  blood-vessels  and  new  formation  of 
fibrous  tissue  where  the  epithelium  is  not  involved,  and  in  new 
formation  of  epithelium  where  the  pre-existing  epithelium  is 
involved.  Fundamentally  there  is  no  distinction  between  heal- 
ing by  first  intention  and  healing  by  second  intention. 

Healing  "by  Secondary  Adhesion. — Healing  by  secondary  adhe- 
sion, which  is  said  to  occur  when  union  takes  place  between  two 
granulating  surfaces  brought  into  apposition,  may  be  dismissed 
very  shortly.  For  the  apposition  of  the  two  surfaces  prevents 
the  approach  of  fresh  micro-organisms  from  the  air,  etc.,  and 
such  micro-organisms  as  are  held  between  the  two  apposed 
surfaces  are  readily  dealt  with  by  the  exudation  and  the  phago- 
cytes. At  the  seat  of  apposition,  therefore,  the  formerly  septic 
surfaces  are  converted  in  a  short  time  into  aseptic  surfaces  and 
union  proceeds  at  this  spot  as  in  a  wound  which  has  been  aseptic 
from  the  first. 

In  all  cases,  therefore,  repair  of  a  wound  consists  in  the 
removal  of  dead  material  and  the  filling  up  of  a  gap  by  forma- 
tion of  new  blood-vessels  from  pre-existing  blood-vessels,  forma- 
tion of  new  fibrous  tissue  from  pre-existing  fibrous  tissue  and 
perhaps  from  other  sources,  and  formation  of  new  epithelium 
from  pre-existing  epithelium. 

(ii.)  Repair  of  a  Fractured  Long  Bone. — The  second 
example  that  we  shall  consider,  with  the  object  of  showing  that 
inflammation  and  its  sequels  are  one  and  the  same  in  all  situa- 
tions, is  repair  of  a  long  bone  fractured  by  mechanical  injury. 

Here  also  the  process  may  be  aseptic  or  septic.  When  the 
fracture  is  "  simple,"  i.e.,  when  there  is  no  connection  between 
the  seat  of  fracture  and  the  external  air,  the  inflammatory  and 
reparative  processes  are  in  most  cases  aseptic ;  when  the  fracture 
is  "  compound,"  i. e.,  when  the  seat  of  fracture  is  in  connection 
with  the  external  air,  the  reparative  processes  at  any  spot  are  in 
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most  cases  preceded  by  septic  changes  unless  special  precautions 
are  taken  by  the  surgeon  and  are  successful. 

(a)  Bepair  of  a  Simple  Fracture  of  Bone  {Aseptic). — When 
a  simple  fracture  of  bone  takes  place,  the  mechanical  injury 
which  leads  to  fracture  tears  through  the  periosteum  and  en- 
dosteum  in  whole  or  in  part,  ruptures  muscle  and  connective 
tissue  with  the  blood-vessels  that  run  in  that  tissue,  and  leads  to 
effusion  of  blood.  The  effused  blood  collects  in  the  neighbour- 
hood of  the  fracture,  both  within  the  medullary  canal  and  on  the 
outside  of  the  bone.  Here  it  coagulates,  and  the  coagulum 
gives  support  to  the  two  ends  of  the  bone  and  fills  the  space 
between  them  just  as  the  coagulum  between  the  edges  of  an 
incised  wound  fills  the  space  between  the  two  cut  surfaces.  But 
the  coagulum  also  acts  as  a  mild  but  persistent  irritant  and  leads 
to  the  formation  of  a  zone  of  inflammation  which  is  surrounded 
by  a  zone  of  potential  repair.  Since  the  coagulum  lies  both 
within  and  without  the  shaft  of  the  bone,  the  endosteum  and  the 
periosteum  of  both  fragments  are  involved  in  the  inflammatory 
and  the  potential  reparative  zones. 

Now  so  far  as  the  coagulum  itself  is  concerned,  changes  take 
place  within  it  identical  with  the  changes  that  we  have  described 
as  occurring  in  the  coagulum  between  the  raw  surfaces  of  an 
aseptic  wound.  That  is  to  say,  the  red  blood- corpuscles  dis- 
integrate, pigment  is  set  free,  the  clot  becomes  invaded  by 
wandering  cells,  the  pigment  and  debris  are  removed,  and  the 
clot  becomes  decolorised.  But  at  the  same  time  the  proliferative 
changes  that  have  been  going  on  in  the  zone  of  potential  repair, 
where  that  zone  has  involved  the  endosteum  and  periosteum, 
have  led  to  new  formation  of  blood-vessels  and  hyperactivity  of 
the  osteoblasts  which  are  normally  found  in  these  tissues.  A 
tissue  like  that  of  ordinary  granulation  tissue  is  therefore  pro- 
duced, which  invades  the  clot,  but  since  the  cells  lining  the 
granulation  loops  are  osteoblasts  and  not  ordinary  fibroblasts 
they  form  bone  and  not  fibrous  tissue.  Hence  the  new  blood- 
vessels come  to  lie  in  a  matrix  of  young  bone.  The  bone  formed 
in  this  way  is  of  a  somewhat  peculiar  kind  and  is  called  "  callus." 
It  is  irregular  and  shows  none  of  the  definite  concentric  rings 
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around  Haversian  canals  which  characterise  adult  bone,  but  is 
rather  of  a  spongy  nature  and  highly  vascular.  The  callus 
being  formed  both  by  the  endosteum  and  by  the  periosteum, 
it  follows  that  between  the  fractured  ends  of  the  bone,  and  for 
a  longer  or  shorter  distance  within  and  without  the  upper  and 
lower  ends  of  its  shaft,  a  mass  of  bony  tissue  is  formed,  which 
occupies  the  place  originally  occupied  by  the  blood-clot.  This 
callus  has  two  important  functions.  On  the  one  hand,  it 
maintains  the  ends  of  the  bone  at  rest ;  on  the  other  hand,  that 
portion  which  lies  between  the  two  ends  (the  "  definitive " 
callus)  is  destined  ultimately  to  fill  up  the  gap  and  re-establish 
the  continuity  of  the  shaft. 

In  the  callus  further  changes  ensue.  Just  as  we  have  seen 
that,  in  repair  of  a  wound,  the  fibrous  tissue  formed  by  the 
fibroblasts  around  the  granulation  loops  gradually  increases 
in  amount  and  density,  leading,  at  the  same  time,  to  dis- 
appearance of  many  of  the  blood-vessels  and  of  the  fibroblasts 
themselves,  so  in  repair  of  a  fracture  the  bone  formed  by  the 
osteoblasts  around  the  young  blood-vessels  increases  in  amount 
and  density,  leading  ultimately  to  the  formation  of  a  dense  bone 
in  which  Haversian  canals  are  more  or  less  easily  recognisable. 
This  change  is  especially  marked  in  the  definitive  callus.  Lastly, 
after  the  definitive  callus  has  become  sufficiently  firm,  "  provi- 
sional" callus  (by  which  is  meant  all  that  callus  which  does  not 
actually  lie  between  the  ends  of  the  fractured  bone)  is  no  longer 
needed ;  it  is  therefore  removed  just  as  excess  of  fibrous  tissue 
is  removed  after  the  repair  of  a  wound  is  complete,  and  the  scar 
is  ultimately  of  less  extent  than  it  was  at  first.  Eemoval  of 
provisional  callus  takes  place  by  a  process  closely  akin  to  that 
which  occurs  in  rarefying  osteitis. 

(b)  Repair  of  a  Compound  Fracture. — It  is  not  necessary  to 
enter  into  the  question  of  repair  when  the  fracture  is  com- 
pound and  septic,  since  the  processes  at  work  are  identical  with 
those  which  we  have  just  considered,  but  complicated  by  the  fact 
that  processes  discussed  under  the  heading  of  caries  and  septic 
necrosis  are  superadded.  Eepair  under  these  conditions  is  there- 
fore associated  with  suppuration  and  bone  destruction,  and  repair 
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takes  place  when  the  irritant  has  ceased  to  act,  whether  that 
irritant  be  dead  bone  or  bacteria  or  any  other  substance. 

(iii.)  Formation  of  a  Fibroid  Pleurisy. — Our  third  pro- 
cess— the  formation  of  a  fibroid  pleurisy — -usually  commences  with 
the  occurrence  of  an  acute  or  a  subacute  inflammation  of  the 
pleura  and  subpleural  connective  tissue,  which  is  directly  or  in- 
directly caused  by  a  bacterial  irritant.  The  pleura  becomes  more 
or  less  hyperaeinic  and  injected,  exudation  is  poured  out,  and, 
whether  by  deposition  of  fibrin  from  the  exudation  or  by  a 
"  fibrinoid  "  degeneration  of  the  connective  tissue  underlying  the 
endothelium,  a  false  membrane  is  formed.  Owing  to  the  nature 
of  the  principal  irritant,  and  the  constant  movement  on  one 
another  of  the  visceral  and  parietal  layers  of  the  pleura,  irritation 
is  kept  up,  exudation  is  poured  out  in  considerable  quantity,  and 
a  network  of  fibrin  ultimately  fills  up  the  space  between  the  two 
layers  of  pleura.  This  fibrin  holds  the  same  position  with  regard 
to  later  processes  that  is  held  by  the  blood-clot  in  the  two 
examples  we  have  already  considered  ;  it  restricts  movement, 
and  therefore  lessens  the  degree  of  irritant  action,  it  serves  as  a 
supporting  structure  for  the  young  blood-vessels  and  the  fibro- 
blasts that  are  formed  in  the  zones  of  repair  situated  on  the 
pulmonary  and  on  the  costal  sides,  and  possibly  also  it  serves  as 
nutriment  for  the  young  cells.  In  course  of  time  it  is  removed, 
and  between  the  two  layers  of  the  pleura  young  blood-vessels 
are  found  lying  in  a  matrix  of  young  connective  tissue.  The 
process,  therefore,  is  strictly  analogous  to  the  healing  of  an 
aseptic  wound,  and  the  final  result  is  the  same,  for  fibrous  tissue 
binds  the  two  layers  of  the  pleura  together  as  fibrous  tissue 
binds  the  two  surfaces  of  the  wound  together.  That  separate 
fibrous  bands  (adhesions)  pass  from  one  layer  of  the  pleura  to  the 
other  in  some  cases,  and  that  in  others  the  two  layers  are  uni- 
versally adherent,  is  an  unessential  point,  for  in  either  case  the 
final  result  is  brought  about  in  the  same  way. 

In  the  example  given  above  the  irritant  has  been  assumed  of 
such  a  kind  as  does  not  usually  lead  to  suppuration  in  this  region 
because  of  its  low  intensity  compared  with  the  resisting  powers 
of  the  tissue.    Fibroid  pleurisy  frequently  occurs  when  the 
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irritant  is  B.  tuberculosis  or,  more  strictly  speaking,  when  the 
irritation  is  produced  by  the  tubercles  themselves  which  result 
from  the  growth  of  B.  tuberculosis  in  the  lung.  If  the  irritant 
be  one  of  the  pyogenetic  micrococci  (e.g.,  M.  pneumoniae)  the 
process  of  repair  also  leads  ultimately  to  the  formation  of  a 
fibroid  pleurisy.  But  here  pus  is  usually  produced,  and,  as  in 
other  cases,  progress  of  the  repair  is  delayed  by  suppuration, 
and  repair  cannot  be  completed  until  the  irritant  has  ceased 
to  act. 

VII.  Chronic  Inflammation. — Under  the  name  of  "  chronic 
inflammation  "  beside  those  conditions  which  may  justly  be  re- 
ferred to  inflammation,  as  it  has  been  described  in  the  previous 
pages,  it  is  common  for  clinicians  to  use  the  term  in  reference  to  a 
change  which  essentially  consists  in  an  increase  of  the  interstitial 
connective  tissue  of  a  part.  Thus  when  the  fibrous  tissue  of  an 
organ,  such  as  the  liver  or  kidney,  is  increased,  they  speak  of 
"  chronic  hepatitis  "  (cirrhosis  of  the  liver)  or  "  chronic  nephritis  " 
(chronic  granular  kidney).  But  in  these  and  similar  cases  no 
stage  antecedent  to  the  fibrosis  can  be  pointed  out  during  which 
inflammatory  changes  as  such  can  be  recognised,  and  though  the 
question  cannot  be  regarded  as  settled,  there  is  growing  up 
a  tendency  to  separate  these  cases  of  "  chronic  fibrosis "  from 
inflammation.  With  this  view  the  author  agrees,  and,  there- 
fore, chronic  fibrosis  will  be  considered  in  the  chapter  on  the 
pathology  of  nutrition. 

VIII.  The  Significance  of  Inflammation. — Before  leaving 
the  subject  of  inflammation  and  its  sequels  mention  must  be 
made  of  the  different  views  held  with  regard  to  the  intrinsic 
nature  of  the  inflammatory  process.  This  amounts  in  large  part 
to  a  consideration  of  the  various  definitions  of  inflammation  that 
have  been  given  from  time  to  time. 

Inflammation  may  be  regarded  from  three  distinct  points  of 
view :  (1)  from  that  of  the  established  phenomena  themselves ; 
(2)  from  that  of  the  means  whereby  the  phenomena  are  brought 
into  existence ;  (3)  from  that  of  the  object  which  is  subserved  by 
the  phenomena  when  they  are  established.  These  points  of  view 
may  be  shortly  summarised  in  the  questions :  (i.)  What  is  the 
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essential  factor  in  inflammation  ?  (ii.)  How  is  inflammation 
brought   about  ?    (iii.)  For  what  purpose   does  inflammation 

arise  ? 

Definitions  of  inflammation  have  been  framed  on  each  of 
these  lines,  in  some  cases  taken  separately,  but  in  most  cases 
taken  two  or  even  all  three  together.  Now  the  definition  given  by 
any  particular  author  who  considers  inflammation  from  the  first 
point  of  view  depends  upon  which  of  the  numerous  factors  that 
go  to  make  up  "  inflammation  "  he  regards  as  essential,  which  as 
subordinate.  The  presence  of  an  irritant,  tissue  degeneration, 
proliferation  of  cells,  vascular  dilatation,  variations  in  rate  of 
blood-flow,  exudation  of  fluid,  migration  of  leucocytes,  chemio- 
taxis,  phagocytosis,  are  all  of  them  phenomena  of  inflammation 
considered  in  its  broadest  sense,  and  almost  each  single  one  of 
these  has  been  used  as  a  basis  for  a  definition  of  inflammation. 
Virchow  considered  the  tissue  proliferative  changes  as  the  most 
important  and  looks  on  inflammation  as  an  excessive  disturbance 
of  nutrition  brought  about  by  irritation  in  which  the  changes  are 
principally  "  formative " ;  Rokitansky,  following  many  of  the 
earliest  writers,  believes  that  the  vascular  changes  are  essential ; 
Cohnheim  held  that  inflammation  essentially  consists  in  a 
molecular  change  in  the  walls  of  capillaries  and  small  veins; 
Ziegler,  that  it  consists  in  tissue  degeneration  combined  with 
pathological  exudation  from  the  blood-vessels ;  Strieker  and 
Grawitz,  that  return  to  an  embryological  condition  of  the  cells 
and  even  of  the  fibres  (Strieker)  is  the  essential  factor ;  Weigert, 
that  the  swelling  is  all-important ;  Metchnikoff,  finding  that 
phagocytosis  is  recognisable  throughout  the  whole  animal  world 
when  a  living  animal  is  exposed  to  the  action  of  a  formed  irritant, 
looks  upon  phagocytosis  as  the  fundamental  principle  underlying 
inflammation.  These  are  perhaps  the  most  eclectic  views,  and 
towards  one  or  other  of  them  approximate  the  opinions  of  many 
other  authors.  Thus  Eecklinghausen,  Samuel,  and  Landerer 
agree  in  the  main  with  Cohnheim,  as  indeed  do  most  modern 
pathologists  including  Weigert.  Thoma,  though  he  wishes  to 
discard  entirely  the  pathological  conception  summed  up  in  the 
word  inflammation,  nevertheless  says  that  if  we  are  to  define 
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it  we  can  call  it  "  a  pathological  disturbance  characterised  by 
exudation,"  1  and  in  another  place 2  he  describes  inflammation 
as  a  "  local  lesion  formed  by  the  combination  of  the  phe- 
nomena of  circulatory  disturbances  and  progressive  and  retro- 
gressive tissue  metamorphosis." 

But  even  if  an  author  have  decided  on  his  "  essential "  pheno- 
menon there  still  remains  a  difficulty  with  regard  to  the  means 
whereby  that  phenomenon  is  brought  about.  Even  those  authors 
who  regard  the  vascular  changes  as  all-important  are  divided 
amongst  themselves.  To  explain  the  retardation  alone  in  the 
rate  of  blood-flow  that  occurs  in  inflammation,  there  are  at  least 
Cohnheim's  theory  of  molecular  alteration  in  the  vessel  wall,  the 
"  spasmodic"  nervous  theory  of  Eisenmann,  Heine,  and  Brticke, 
according  to  which  the  retardation  is  due  to  constriction  of 
vessels  at  the  periphery  of  the  inflamed  area,  and  the  "  attraction  " 
theory  of  Vogel,  Paget,  and  others,  according  to  which  the  blood 
becomes  thicker  because  the  tissues  exert  a  greater  attraction 
than  normal  upon  the  blood-plasma.  And  the  same  is  true  with 
regard  to  the  other  phenomena. 

But  the  difficulties  already  shown  do  not  exhaust  the  series, 
for  with  the  question,  "  For  what  purpose  does  inflammation 
arise  ? "  there  appears  a  totally  different  set  of  views.  Fortu- 
nately, however,  upon  this  question  authors  are  divided  into 
fewer  separate  camps,  as  (i.)  removal  of  the  irritant,  (ii.)  the 
production  of  reparative  tissue,  (iii.)  a  combination  of  these  views, 
are  almost  the  only  purposes  assigned.  Nevertheless,  there  are 
many  pathologists  who  strenuously  maintain  that  inflammation 
is  not  purposeful  at  all.  It  is  principally  pathologists  of  the 
latter  class  that  refuse  to  include  repair  along  with  inflamma- 
tion, but  regard  them  as  separate  processes,  while  those  authors 
who  include  repair  under  inflammation  are  naturally  those  who 
hold  the  purposeful  nature  of  inflammation. 

From  this  chaos  of  views  one  may,  however,  extract  the  follow- 
ing broad  statement :  opinions  are  divided  as  to  whether  the 
tissue  changes  or  the  vascular  changes  in  inflammation  are  in  the 

1  Pathology  and  Patholog.  Anat.,  trans,  by  Bruce,  London,  1896,  p.  354. 
2  Ibid.,  p.  511. 
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first  rank  of  importance  and  as  to  whether  the  inflammatory 
process  itself  is  purposeful  or  not. 

Considering,  then,  the  impossibility  of  deciding  which  is  the 
fundamental  process  in  inflammation,  it  is  best  to  restrict  our 
definition  to  a  short  description  of  the  most  characteristic  points 
in  the  complex  mass  of  phenomena  which  go  to  make  up 
inflammation,  as  Thoma  and  Ziegler  have  done  in  the  sentences 
given  above ;  or  else  to  eliminate  the  idea  that  inflammation 
is  a  state,  and  speak  of  it  as  a  process  induced  by  a  cause,  as 
Burdon  Sanderson  did  long  ago  when  he  summed  up  the  process 
of  inflammation  as  "  the  succession  of  changes  which  occur  in  a 
living  tissue  when  it  is  injured,  provided  that  the  injury  is  not 
of  such  a  degree  as  at  once  to  destroy  its  structure  and  vitality." 
On  similar  lines  to  those  laid  down  by  Burdon  Sanderson  is 
Adami's  definition :  "  Inflammation  is  the  series  of  changes 
constituting  the  local  manifestation  of  the  attempt  at  repair  of 
actual  or  referred  injury,  or,  briefly,  the  local  attempt  at  repair 
of  actual  or  referred  injury." 

Of  the  definitions  of  inflammation  with  which  I  have 
become  acquainted  those  framed  by  Ziegler  and  by  Adami 
seem  the  most  satisfactory,  but  neither  of  them,  in  my  opinion, 
is  fully  so.  From  my  point  of  view  Ziegler's  definition  fails  (1) 
because  it  does  not  indicate  that  inflammation  is  purposeful 
(which,  indeed,  Ziegler  does  not  allow) ;  and  (2)  because  it  in- 
cludes under  inflammation  processes  which  by  common  consent 
are  regarded  as  non- inflammatory  ;  thus  in  passive  oedema 
there  is  "  tissue  degeneration  accompanied  by  pathological 
exudation  from  the  blood-vessels,"  and  therefore  this  condition 
should,  by  Ziegler's  definition,  be  inflammatory.  But  in  cases  of 
passive  oedema  inflammation  is  characteristically  absent,  except 
as  a  complication.  Adami's  definition,  on  the  other  hand,  fails 
(1)  because  it  would  include  under  inflammation  the  simple 
regeneration  of  epithelium  which  takes  place  in  everyday  life  ; 
and  (2)  because  it  regards  inflammation  as  an  attempt  at  repair, 
whereas  we  have  already  concluded  that  the  existence  of  inflam- 
mation at  any  spot  is  incompatible  with  repair  at  that  spot. 

IX.  Definition  of  Inflammation. — In  attempting  to  frame 
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a  definition  of  inflammation,  I  think  that  the  following  points 
must,  of  necessity \  be  borne  in  mind  : — 

1.  Inflammation  is  a  complex  process  and  no  single  pheno- 
menon can  be  singled  out  as  fundamental  and  essential. 

2.  The  tissue  concerned  in  inflammation  must  be  vascular. 
Inflammation  is  a  clinical  term  and  as  such  eliminates  all 
consideration  of  phenomena  occurring  in  avascular  animals. 
On  this  point  I  side  with  the  opponents  of  Metchnikoff  and 
his  school. 

3.  Inflammation  is  only  one  portion  of  the  changes  induced 
by  irritant  action.  The  conception  of  inflammation  as  a  local 
process  loses  sight  of  the  fact  that  parts  other  than  that 
obviously  affected  are  also  involved  in  the  results  of  irritant 
action.  Upon  this  point  little  is  known,  but  the  occurrence  of 
marked  leucocytosis  in  some  cases  and  of  leucopenia  in  others, 
the  fact  that  when  exudation  occurs  in  one  place  the  tissues  of 
the  rest  of  the  body  give  up  a  portion  of  their  fluid  to  the 
blood,  and  the  extraordinary  effects  of  nerve  conditions  going 
on  in  other  parts  of  the  body  as  in  Samuel's  experiments 
(p.  289),  are  sufficient  to  show  that  the  action  of  an  irritant 
really  extends  far  beyond  the  regions  of  its  obvious  action.  It 
does  not  seem  just  to  speak  of  inflammation  as  a  reaction  of 
tissues  to  an  irritant,  and  to  restrict  that  reaction  to  the  parts 
alone  where  it  is  obvious.  One  is  not  justified  in  speaking  of 
the  hyperemia  and  the  exudation  as  ''inflammatory"  and  in 
neglecting  entirely  the  compensatory  anaemia  and  drying  of  the 
tissues  to  which  they  must  give  rise  in  other  parts.  Even  if 
"  inflammation "  be  restricted  to  the  local  manifestations  it 
must  be  made  clear  that  jit  is  only  a  portion  of  the  total  results 
of  irritant  action. 

4.  The  degenerative  changes  induced  by  the  irritant  are  no 
part  of  inflammation.  But  for  this  exclusion  an  eschar  or  a 
slough  would  be  inflamed  tissue,  and  this  it  cannot  be,  for 
inflammation  only  occurs  in  living  tissues.  The  degenerative 
changes  are  causes  and  results  of  inflammation,  but  not  parts 
thereof. 

5.  Proliferative  changes,  being  induced  by  stimuli  and  not 
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by  irritants,  are  to  be  severed  entirely  from  inflammation ; 
hence  repair  is  independent  of  inflammation. 

6.  Inflammation  is  directed  towards  an  end.  Its  object  is  to 
neutralise  the  irritant  action,  to  limit  its  effects,  and  to  supply 
an  additional  amount  of  nutriment  to  those  tissues  whose 
vitality  has  been  lowered  but  not  extinguished.  The  force  of 
this  statement  is  not  invalidated  by  the  argument  that  inflam- 
mation is  sometimes  followed  by  injurious  results  any  more 
than  the  statement,  that  gastric  digestion  is  directed  towards  an 
end,  is  invalidated  by  the  argument  that  in  some  cases  perfora- 
tion of  the  wall  of  the  stomach  occurs  during  digestion. 

7.  Inflammation  is  not  a  reparative  process,  for  inflammation 
at  any  spot  is  incompatible  with  repair  at  that  spot.  Inflamma- 
tion is  only  preparatory  to  the  onset  of  repair  when  repair 
occurs  under  certain  conditions. 

Bearing  these  points  in  mind  I  would  venture  to  define 
inflammation  as  follows : — Inflammation  is  the  local  portion 
of  that  preparation  for  local  repair  which  is  called  forth  in 
the  living  animal  body  by  the  action  of  an  objective  or  subjec- 
tive irritant  upon  a  vascular  part. 
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CHAPTER  IX. 


The  Pathology  of  Infection. 

Synojjsis. 


I.  Infection. 

(i)  The  Infective  Agent, 
(ii)  Incubation. 

(iii)  Contagion  or  Direct  In- 

fection. 

(iv)  Indirect  Infection. 

II,  Types  of  Infective  Disease. 

(i)  Intoxicative. 

(ii)  Septicemic  (Bacteri- 

aemic). 

(iii)  Change  of  Type  of  In- 

fective Disease. 

(iv)  Variation  of   Type  in 

Different  Animals. 

III.  Personal    Factors  influencing 
the  Occurrence  of  Infection. 
Susceptibility  and  Immunity, 
(i)  General. 

(ii)  Susceptibility. 

A.  Natural. 

B.  Acquired. 

(iii)  Immunity. 

A.  Natural. 

B.  Acquired — 

(a)  Active. 

(b)  Passive. 

C.  Inherited  Suscepti- 

bility and  Im- 
munity. 

(iv)  Local  Immunity. 


IV.  Bacterial    Factors  influencing 
the  Occurrence  of  Infection, 
(i)  Dose. 

(ii)  Seat  of  Inoculation. 

(iii)  Virulence. 

(iv)  Presence  or  Absence  of 

Toxin, 
(v)  Symbiosis. 

V.  Certain   Properties   of  Blood- 
Serum, 
(i)  Bactericidal. 

(ii)  Antitoxic. 

(iii)  Pfeiffer's  Phenomenon. 

VI.  Theories  of  Immunity. 

(i)  The  Exhaustion  Theory, 
(ii)  The  Retention  Theory. 

(iii)  The  Phagocytic  Theory. 

(iv)  The  Humoral  Theory, 
(v)  The     Cellulo  -  Humoral 

Theory. 

Specificity  of  Im- 
munity. Method 
whereby  Anti- 
Substances  pro- 
duce Immunity. 

VII.  Latency  in  Infective  Disease. 

VIII.  Relapses. 


In  the  preceding  chapters  reference  has  frequently  been  made 
to  the  part  played  by  bacteria  in  the  causation  of  disease,  and 
incidentally  certain  diseases  which  are  caused  by  bacteria  have 
been  spoken  of  as  "  infective."  Now  the  "  infective  "  diseases 
form  a  group  which  was  clinically  separated  long  before  their 
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connection  with  bacteria  was  suspected,  and  the  essential  point 
which  led  to  their  separation  was  that  the  diseases  in  question 
are  communicable  either  directly  or  indirectly  from  animal  to 
animal.  Communicability  of  the  disease  was  therefore  taken 
as  the  characteristic  feature  of  the  infective  diseases.  We 
now  know  that  when  bacteria  are  the  causes  of  disease,  these 
diseases  are,  within  limits,  communicable  from  animal  to  animal, 
and  therefore  the  infective  diseases  of  the  clinician  come  to  be 
in  large  part  co-terminous  with  the  bacterial  diseases  of  the 
pathologist.  But  not  entirely.  For  though  we  have  reason  to 
believe  that  infective  diseases  are  due  to  bacteria  in  all  cases, 
strict  proof  is  wanting  in  such  eminently  infective  diseases  as 
syphilis,  scarlatina,  etc.,  owing  to  the  fact  that  specific  infective 
agents  have  not  as  yet  been  certainly  demonstrated  in  these 
diseases.  In  another  direction  the  pathologist's  view  of  in- 
fective disease  is  wider  than  that  of  the  clinician ;  for  the 
pathologist,  tetanus  is  an  infective  disease,  but,  at  all  events 
until  recently,  it  would  not  have  been  so  regarded  by  the 
clinician,  communication  of  tetanus  from  animal  to  animal, 
excepting  in  the  way  of  a  laboratory  experiment,  probably  being 
quite  unknown. 

But  even  though  a  disease  may  be  communicable  from 
animal  to  animal,  and  even  though  the  causa  causans  may  have 
been  isolated,  it  does  not  follow  that  infection  takes  place  when- 
ever an  animal  not  suffering  from  the  disease  is  brought  into 
relation  with  an  animal  suffering  from  the  disease.  Though 
communicable,  the  disease  in  such  a  case  is  not  communicated. 
The  failure  of  infection  may  depend  upon  some  peculiarity 
which  concerns  the  micro-organism  itself,  such  as  its  nature,  or 
its  virulence,  or  the  dose  in  which  it  is  inoculated,  or  may 
depend  upon  some  peculiarity  of  the  animal  exposed  to  infection. 
When  the  peculiarity  resides  in  the  animal,  we  have  to  deal 
with  conditions  summed  up  in  the  terms  "insusceptibility," 
"  resistance,"  "  immunity."  On  the  other  hand,  where  infection 
does  occur,  this  may  also  depend  either  upon  some  peculiarity 
which  concerns  the  micro-organism  or  upon  some  peculiarity 
which  concerns  the  animal  exposed  to  infection.    When  the 
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peculiarity  leading  to  infection  resides  in  the  animal,  we  have 
to  deal  with  conditions  summed  up  in  the  terms  "  suscepti- 
bility "  and  "  predisposition." 

These  subjects  of  infection,  immunity  and  susceptibility,  will 
now  be  discussed,  and  along  with  them  the  pathology  of 
"  relapses  "  and  "  latency  "  of  infective  disease.  Owing  to  the 
youth  of  bacteriology  as  a  branch  of  pathology,  the  subjects  are 
at  present  very  obscure  in  many  points,  and  a  general  indication 
of  the  trend  of  opinion  at  the  present  day  is  all  that  must  be 
expected. 

I.  Infection. — (i.)  The  Infective  Agent. — Of  all  conditions 
necessary  for  infection  a  power  on  the  part  of  the  infective 
agent  to  carry  on  a  parasitic  existence — whether  obligatory 
or  facultative  —  is  the  most  important.  It  is  true  that  a 
saprophyte,  such  as  Aspergillus  niger,  may  cause  disease,  and 
that,  in  saprsemia,  saprophytes  produce  the  toxic  substances 
which,  by  their  absorption,  lead  to  clinical  symptoms,  but  in 
neither  case  have  we  to  deal  with  an  infective  disease, 
because  exceptional  conditions  on  the  part  of  the  patient  must 
coexist  with  the  presence  of  the  micro-organism.  Theoretically, 
conditions  can  exist  under  which  any  micro-organism  may 
be  the  cause  of  disease,  just  as,  theoretically,  any  micro- 
organism may  lead  to  pus-formation.  But  practically,  just  as 
certain  parasitic  micro-organisms  are  distinguished  as  being 
especially  associated  with  pus-formation  in  that  they  lead  to 
suppuration  without  the  coexistence  of  extraordinary  conditions 
on  the  part  of  the  animal,  so  certain  parasitic  micro-organisms 
are  distinguished  as  being  especially  associated  with  infective 
disease  in  that  no  exceptional  conditions  are  necessary  on  the 
part  of  the  animal  for  the  production  of  disease  by  these  micro- 
organisms. An  infective  disease,  therefore,  is  one  which  is 
produced  by  the  entry  into  and  the  multiplication  within  the 
body  of  a  normal  animal,  from  without,  of  an  obligatory  or  a 
facultative  parasitic  micro-organism. 

(ii.)  Incubation. — In  the  production  of  disease  the  chief 
action  of  a  pathogenetic  micro-organism  is  not  mechanical,1 

1  Reference  is,  of  course,  made  only  to  vegetable  micro-organisms. 
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but  as  has  already  been  said  a  toxin  is  produced,  and  to  the 
action  of  that  toxin  the  lesions  which  go  to  make  up  the  disease 
are  mainly  due.  Every  infective  disease,  therefore,  becomes 
essentially  an  intoxication  with  chemical  substances,  but  the 
difference  between  them  and  sapraemia  is,  that  in  saprsemia  the 
laboratory  for  the  formation  of  toxin  is  physiologically  outside 
the  body,  whereas  in  the  infective  diseases  the  laboratory  for 
toxin-formation  is  physiologically  within  the  body. 

Now  since  the  symptoms  of  any  given  infective  disease  are  due 
to  the  action  of  a  specific  toxin  on  the  animal,  it  follows  that 
those  symptoms  cannot  manifest  themselves,  even  though  the 
specific  micro-organism  be  actually  present  in  the  animal,  until 
the  minimal  amount  of  toxin  necessary  for  the  production  of 
symptoms  is  also  present  in  the  animal.  In  some  cases,  no 
doubt,  this  amount  of  toxin  may  be  introduced  at  the  moment 
of  inoculation  with  the  micro-organism,  or  even — as  in  the  cases 
of  experimental  diphtheria  and  tetanus — the  symptoms  of  the 
disease  may  be  produced  by  introduction  of  the  toxin  alone. 
But  such  cases  are  artificial,  and  are  hardly  to  be  seen  outside 
the  laboratory.  In  the  vast  majority  of  cases,  the  amount  of 
toxin  actually  introduced  at  the  moment  of  infection  is  negligible, 
and  the  toxin  which  ultimately  leads  to  the  appearance  of  symp- 
toms is  formed  by  the  micro-organisms  after  their  entry  into  the 
body.  For  this  production  of  toxin  a  greater  or  less  length  of 
time  is  necessary,  during  which  the  micro-organism  multiplies 
and  forms  toxin,  it  is  true,  but  during  which  symptoms  of  the 
specific  disease  are  absent,  and  possibly  the  patient  may  appear 
to  be  in  perfect  health.  The  period  which  elapses  between  the 
inoculation  and  the  appearance  of  the  first  specific  symptoms  of 
the  disease  is  called  the  "  period  of  incubation,"  and  the  existence 
of  an  incubation  period  of  variable  length  is  characteristic  of  the 
infective  diseases. 

Each  specific  infective  disease  has  its  own  particular  incuba- 
tion period,  but  the  length  of  incubation  of  any  given  infective 
disease  is  somewhat  variable.  Since  the  rate  at  which  the 
micro-organism  grows  and  produces  toxin  depends  upon  a 
variety  of  circumstances,  variability  in  length  of  incubation 
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period  is  hardly  to  be  wondered  at ;  cause  for  wonder  is  rather 
given  by  the  comparative  constancy  of  the  lengths  of  incubation 
of  different  infective  diseases. 

(iii.)  Contagion,  or  Direct  Infection. — A  clinical  sub- 
division of  the  infective  diseases  is  found  in  the  group  known  as 
the  "  contagious  diseases."  Strictly  speaking,  a  contagious  dis- 
ease is  one  in  which  communication  of  the  disease  to  a  healthy 
person  can  only  occur  if  that  healthy  person  come  actually  in 
contact  with  a  person  suffering  from  the  disease  ;  but  practically 
a  disease  is  called  "  contagious,"  though  infection  is  carried  by  an 
intermediate  person  or  object,  if  the  length  of  time  during  which 
the  infective  material  is  upon  the  intermediary  is  very  short. 
Bacteriologically  the  essential  condition  is  that  the  infective 
agent  cannot  maintain  an  existence  and  multiply  outside  the 
animal  body,  and  hence  contagious  diseases,  strictly  speaking, 
can  only  be  caused  by  obligatory  parasites.  Latterly,  "  con- 
tagion "  has  to  a  large  extent  been  used  loosely  as  synonymous 
with  "infection,"  but,  as  has  just  been  said,  it  can  only  be 
regarded  as  a  subdivision  of  infection. 

Contagion  may  be  immediate  or  mediate,  but  examples  of 
disease  in  which  immediate  contagion  alone  occurs  must  be 
very  rare,  if  any  really  exist.  For  not  only  in  such  a  case 
must  the  micro-organism  be  an  obligatory  parasite,  but  also  it 
must  of  necessity  perish  immediately  on  its  removal  from  its 
host.  Contagion  in  the  broader  sense,  as  including  mediate 
contagion,  is  a  well-known  condition,  and  several  contagious 
diseases  are  recognised.  Syphilis  may  serve  as  an  example  of 
diseases  in  which  a  close  approach  to  strict  immediate  contagion 
is  observed.  In  the  vast  majority  of  cases  the  disease  is  con- 
tracted from  a  person  at  the  time  suffering  from  syphilis,  through 
an  abrasion  of  a  mucous  membrane  or  the  skin.  But  mediate 
contagion  can  also  occur.  Cases  are  known  in  which  a  woman 
not  herself  affected  has  nevertheless  carried  the  disease  to  others, 
as,  for  example,  when  a  previously  healthy  man  has  become 
infected  after  sexual  intercourse  with  a  woman  immediately 
after  intercourse  between  her  and  a  syphilitic  man  had  taken 
place.    Even  more  definite  evidence  of  mediate  contagion  is 
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given  by  those  undoubted  cases  in  which  a  syphilitic  sore  has 
appeared  on  the  chin  at  the  seat  of  a  slight  cut  inflicted  during 
shaving,  when  the  razor  has  previously  been  used  by  a  syphilitic 
person  and  has  in  some  way  been  contaminated  by  him,  or  by 
the  cases  in  which  a  syphilitic  sore  appears  on  the  lip  or  tongue 
of  a  previously  healthy  person  after  he  has  smoked  the  pipe 
of  a  subject  of  secondary  syphilis.  Under  no  circumstances, 
however,  have  we  reason  to  suspect  that  the  syphilitic  virus 
multiplies  on  a  carrier  of  contagion,  or  in  other  words,  that  it  is 
capable  of  a  saprophytic  existence. 

(iv.)  Indirect  Infection. — Many  examples  are  known  of 
diseases  that  are  indirectly  infectious:  anthrax,  typhoid  fever, 
cholera,  tuberculosis,  diphtheria,  and  many  others.  Bacterio- 
logically  the  infective  agent  in  these  cases  must  be  a  facultative 
saprophyte.  In  not  a  small  number  of  cases  of  this  kind,  how- 
ever, the  disease  is  actually  communicated  by  contagion,  imme- 
diate or  mediate,  for  it  is  obvious  that  though  a  contagious 
disease  cannot  possibly  be  communicated  by  indirect  infection, 
an  indirectly  infectious  disease  may  be  and  is  readily  communi- 
cated by  contagion.  Quite  apart  from  laboratory  experiment 
in  which  mediate  contagion  is  a  very  common  procedure,  it  is 
certain  that  many  cases  of  diphtheria,  for  example,  in  the  human 
subject  are  due  to  contagion,  immediate  or  mediate,  and  the 
same  is  probably  true  in  some  cases  of  typhoid  fever. 

The  ease  with  which  indirect  infection  can  occur  necessarily 
depends  upon  the  ease  with  which  a  pathogenetic  micro-organism 
can  carry  on  a  saprophytic  existence.  Typhoid  bacilli  and  the 
vibrio nes  of  Asiatic  cholera  can  live  and  multiply  in  water  in 
which  only  a  trace  of  albuminous  material  is  present ;  diphtheria 
bacilli  and  the,  as  yet,  unrecognised  micro-organism  of  scar- 
latina 1  can  live,  and  certainly,  in  the  case  of  diphtheria  bacilli, 
can  multiply,  in  milk ;  so  that  these  diseases  can  be  conveyed  to 
a  great  distance,  and  from  one  case  disease  may  be  communicated 
to  a  large  number  of  individuals.  With  regard  to  cholera  and 
malaria — the  last-mentioned  disease  being  due  to  an  animal 

1  In  his  work  on  Micro-organisms  and  Disease,  pp.  149  and  151,  Klein 

describes  a  "  Streptococcus  scarlatinas." 
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parasite,  it  may,  of  course,  be  subject  to  somewhat  different  laws 
— many  medical  practitioners,  in  localities  where  these  diseases  are 
endemic,  consider  that  air  is  an  important  carrier  of  infection, 
but  the  general  tendency  among  bacteriologists  is  to  deny  that 
any  great  part  is  played  by  air  in  this  way,  at  all  events  with 
regard  to  these  diseases.  On  the  other  hand,  where  the  infective 
agent  forms  spores,  which  can  maintain  existence  for  an  unlimited 
time  in  a  dry  condition,  the  importance  of  transport  by  air  is 
fully  recognised  by  bacteriologists.  The  fact,  to  which  reference 
has  already  been  made,  that  at  least  actinomyces,  tubercle,  and 
diphtheria  are  capable  of  existing  in  a  mycelial  as  well  as  in  a 
bacillary  form  is  of  great  importance  ;  it  clearly  indicates  that 
the  saprophytic  existence  which  is  known  to  obtain  for  actino- 
myces may  also  be  normal,  or  at  least  is  possible  for  the  other 
two  micro-organisms. 

II.  Types  of  Infective  Disease. — Though  all  infective 
diseases  are  alike  in  that  the  toxins  elaborated  by  bacteria  are 
the  real  causes  of  the  symptoms  presented,  there  is  no  doubt  that 
infective  diseases  are  of  different  types. 

(i.)  In  some  cases  the  pathogenetic  bacteria  grow  and  multiply 
locally  and  do  not  gain  access  to  the  blood  or  tissues,  at  all 
events  in  sufficient  numbers  for  recognition  by  means  at  our 
disposal.  Of  this  class  is  tetanus,  and  if  we  put  on  one  side  the 
rare  cases  in  which  bacilli  have  been  found  in  internal  organs, 
diphtheria  is  an  example  also. 

(ii.)  In  other  cases  the  pathogenetic  bacteria  gain  access  to  the 
blood-stream  and  are  found  in  the  tissues,  forming  their  toxic 
substances  directly  in  the  blood  and  tissues.  Of  this  class  are 
all  those  diseases  in  which  haemal  infection  or  bacteriological 
"  septicaemia "  occur.  Theoretically  the  difference  between  the 
two  classes  is  of  extreme  importance,  for  in  the  first  class  local 
treatment  of  the  seat  of  infection,  if  undertaken  before  there  has 
been  a  sufficient  multiplication  of  the  bacteria  and  manufacture 
of  toxin,  should  cut  short  the  disease,  just  as  in  sapraemia  removal 
of  the  putrefying  mass  cuts  short  the  disease.  On  the  other 
hand,  when  one  has  to  deal  with  the  second  class  of  infection,  no 
local  treatment  has  the  least  chance  of  success ;  the  bacteria  are 
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in  the  blood  and  tissues,  and  it  is  in  the  blood  and  tissues  that 
they  must  be  attacked. 

(iii.)  The  type  of  an  infective  disease  may  change.  It  has 
already  been  pointed  out  that  a  disease  at  first  local  may  after- 
wards become  general,  and  in  the  case  of  all  haemal  infections  a 
primary  local  focus  has  no  doubt  existed,  though  possibly  it  may 
have  been  overlooked.  Leaving  on  one  side  all  considerations 
of  virulence,  dose,  seat  of  inoculation,  etc.,  the  question  whether 
the  action  of  a  given  infective  agent  remains  local,  or  whether  it 
becomes  generalised,  seems  to  depend  upon  the  relative  suscepti- 
bility or  insusceptibility  of  the  individual  into  which  the  inocu- 
lation takes  place.  Thus,  anthrax,  which  in  the  mouse  or  guinea- 
pig  becomes  generalised  so  that  even  the  capillaries  are  densely 
crowded  with  bacilli  at  the  time  of  death,  in  man  leads  to  a 
localised  pustule  and  becomes  generalised  only  in  rare  cases. 
Here  we  have  differences  in  type  of  infective  disease  due  to 
racial  difference  in  susceptibility  of  the  infected  species  of  animal ; 
to  make  the  series  complete  it  may  be  added  that  in  the  normal 
frog  inoculation  of  anthrax  bacilli  leads  to  no  disease  whatever. 
The  same  series  of  phenomena  may  be  observed  in  one  and  the 
same  species  of  animal  when  resistance  to  the  disease  has  been 
artificially  raised  or  lowered  in  different  individuals  thereof. 
Thus  in  a  normal  guinea-pig  subcutaneous  injection  of  diphtheria 
bacilli  leads  to  a  local  swelling  followed  by  death  in  24-48 
hours,  but  bacilli  are  absent  from  the  blood  and  organs;  if  a 
guinea-pig  whose  resistance  has  been  lowered  be  inoculated,  local 
swelling  and  death  occur  as  before,  but  bacilli  may  be  found  in 
the  tissues  or  blood.  If,  on  the  other  hand,  the  animal's  resist- 
ance has  been  slightly  increased,  instead  of  a  local  swelling  and 
death,  a  local  necrosis  of  tissue  with  illness  of  the  animal  may 
occur,  but  ultimately  the  animal  will  recover ;  if  the  resistance 
has  been  still  more  increased  necrosis  will  be  absent  and  the 
animal  will  only  be  slightly  indisposed  for  a  short  time ;  while, 
if  the  resistance  has  been  raised  to  a  very  high  degree,  local 
subcutaneous  injection  of  diphtheria  bacilli  may  practically  be 
followed  by  no  result  at  all. 

(iv.)  The  type  of  infective  disease  is  not  the  same  in  all 


VARIATIONS  IN  TYPE  OF  INFECTIVE  DISEASE. 


381 


animals.  This  point  is  very  important.  We  know  that  in 
the  human  subject  typhoid  bacilli  are  associated  with  a  certain 
disease  known  as  typhoid  fever,  and  we  recognise  that  disease  by 
the  changes  found  in  the  Peyer's  patches  in  the  small  intestine, 
by  the  cutaneous  eruption,  by  the  swelling  of  the  spleen,  and  so 
on.  We  know  further  that  if  typhoid  bacilli,  obtained  from  a 
case  of  typhoid  fever  in  man,  be  injected  into  such  an  animal  as 
the  guinea-pig,  it  produces  a  disease  which  is  probably  followed 
by  death.  But  the  disease  in  the  guinea-pig  is  not  typhoid  fever 
as  we  know  it  in  man.  The  spleen,  indeed,  may  be  swollen  and 
there  may  be  diarrhoea,  as  in  human  typhoid  fever,  but  cutaneous 
eruption,  and  intestinal  lesions  in  particular,  are  absent.  The 
same  is  true  of  Asiatic  cholera.  Cultivations  of  vibriones 
obtained  from  cases  of  human  Asiatic  cholera,  when  injected 
into  guinea-pigs,  may  produce  death,  and  the  animal  may  die  in 
a  collapsed  condition  as  does  the  human  patient,  but  the  symptom- 
complex  of  cholera,  and  in  particular  the  "  rice-water  "  stools,  are 
not  commonly  seen,  though  they  are  said  to  occur  under  certain 
special  conditions. 

In  the  case  of  diphtheria,  on  the  other  hand,  resemblance 
between  the  effects  of  artificial  inoculation  of  guinea-pigs  and 
the  human  disease  is  commonly  much  greater.  If  the  vaginal 
mucous  membrane  of  young  guinea-pigs  be  inoculated  with 
diphtheria  bacilli,  a  pseudo-membrane  similar  to  that  which 
normally  occurs  in  the  throat,  but  which  may  appear  on  the 
vulva  of  human  patients,  is  produced.  A  further  and  most 
important  point  of  resemblance  lies  in  the  fact  that  paralyses 
may  occur  in  both  lower  animals  and  man.  In  tetanus  the 
resemblance  is  even  more  striking,  for  the  similarity  between 
the  tetanic  spasms  of  man  and  of  the  lower  animals  when  both 
are  the  subjects  of  tetanus  is  well-marked.  Though  we  are  not 
here  dealing  with  an  infective  disease,  it  may  be  mentioned  that 
the  greatest  similarity  in  the  effects  of  inoculation  are  seen  when 
a  poison  such  as  cobra-venom  is  injected,  for  the  train  of 
symptoms  in  lower  animals  and  in  man  are  identical. 

It  will  be  noticed  that  those  cases  in  which  the  similarity 
between  the  effects  produced  in  man  and  in  the  lower  animals 
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is  greatest  are  precisely  those  in  which  toxic  action  is  best 
marked  In  typhoid  fever  and  in  cholera,  formation  of  a  toxin 
by  the  micro-organisms  usually  considered  to  be  associated  with 
those  diseases  is  much  more  doubtful.  Indeed,  according  to 
some  authors  the  symptoms  of  typhoid  fever  and  of  cholera  are 
due  to  toxins  prepared  in  the  intestines  by  micro-organisms 
other  than  the  typhoid  bacilli  and  the  cholera  vibriones,  and 
absorbed  into  the  body  through  an  intestinal  wall  whose 
normal  inhibitory  power  against  absorption  of  toxins  has  been 
impaired  by  the  action  of  the  typhoid  and  the  cholera  microbes 
respectively.  Further  research  is  necessary  before  these  latter 
points  can  be  decided,  but  the  facts  mentioned  indicate  that 
arguments  derived  from  experiment  on  animals  must  only  be 
applied  to  the  human  subject  after  careful  consideration. 

The  type  of  an  infective  disease  is  therefore  not  a  constant 
factor  of  the  specific  micro-organism  alone,  but  is  modified 
by  factors  which  concern  the  individual  in  which  the  micro- 
organism is  inoculated.  Nevertheless,  as  we  shall  see  later,  the 
characters  of  the  micro-organism  itself  have  important  bearings 
upon  the  effects  which  follow  its  injection  into  an  animal. 

III.  Personal  Factors  influencing  the  Occurrence  of 
Infection :  Susceptibility  and  Immunity. — (i.)  General 
Considerations. — In  commencing  the  study  of  these  subjects 
certain  general  statements  must  be  made  at  the  outset :  (a)  Sus- 
ceptibility and  immunity  are  relative  and  not  absolute  terms.  So 
far  as  is  known,  no  animal  is  insusceptible  to  a  particular  disease 
under  all  circumstances,  though  in  some  cases  the  insusceptibility 
is  so  great  that  extraordinary  measures  have  to  be  adopted  before 
it  is  broken  down.  When,  therefore,  it  is  said  that  an  animal  is 
susceptible  or  immune  to  a  certain  disease,  it  must  be  under- 
stood that  these  attributes  do  not  imply  that  under  all  condi- 
tions or  under  no  conditions,  respectively,  does  the  animal 
become  infected  with  the  disease,  but  rather  that  a  minute  dose 
is  sufficient  or  an  enormous  dose  is  necessary,  as  the  case  may 
be,  for  the  production  of  the  particular  disease  in  the  particular 
animal. 

(b)  A  given  infective  agent  is  not  equally  pathogenetic  to 
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all  animals,  in  other  words,  the  susceptibility  of  different 
species  of  animal  to  a  given  pathogenetic  micro-organism  is  a 
variable.  Examples  of  this  fact  have  already  been  given  above. 
The  following  are  also  cases  in  point.  The  dog,  goat,  ass  are  so 
resistant  to  the  B.  tuberculosis  that  they  may  be  said  to 
be  immune — on  the  other  hand,  the  guinea-pig  is  extremely 
susceptible  to  the  same  micro-organism.  So  also  the  guinea- 
pig  is  highly  susceptible  to  diphtheria,  but  the  mouse  is  prac- 
tically insusceptible.  Similar  differences  may  even  be  observed 
between  varieties  of  one  species.  Thus  Algerian  sheep  are 
immune  to  anthrax,  other  varieties  of  sheep  are  susceptible  ;  the 
field  mouse  is  highly  susceptible  to  glanders,  the  white  mouse 
is  practically  immune ;  the  negro  is  relatively  insusceptible  to 
yellow  fever,  whites  are  highly  susceptible.  Examples  of  both 
these  classes  of  case  might  easily  be  multiplied. 

(c)  The  degree  of  susceptibility  to  or  immunity  from  in- 
fective disease  may  become  altered  either  in  the  direction  of 
increase  or  in  that  of  decrease.  This  may  be  brought  about 
either  by  natural  or  by  artificial  means,  the  importance  of 
which  is  so  great  that  they  will  call  for  special  consideration. 

(ii.)  Susceptibility  or  Predisposition. — An  animal  may 
be  naturally  susceptible  to  a  given  disease  (when  that  property 
may  be  peculiar  to  its  race  or  to  itself),  or  its  susceptibility 
may  have  been  acquired  directly  or  may  have  been  transmitted 
to  it  by  its  parents.    We  therefore  differentiate 

A.  Natural  Susceptibility  or  Predisposition. 

B.  Acquired  Susceptibility  or  Predisposition. 

C.  Inherited  Susceptibility  or  Predisposition. 

A.  Natural  Susceptibility. — This  condition  is  said  to 
exist  only  when  susceptibility  is  great  and  when  the  animal 
may  otherwise  be  regarded  as  normal.  In  the  case  of  the 
mouse  and  anthrax,  susceptibility  is  so  great  that,  if  an  animal 
be  inoculated  with  anthrax  at  the  tip  of  the  tail  and  the  lower 
portion  of  the  tail  be  amputated,  even  within  one  minute,  the 
animal  will  die  of  anthrax.  The  natural  susceptibility  of  man 
to  syphilis  is  also  very  great ;  excision  of  the  seat  of  infection, 
however  short  a  time  after  infection,  has  probably  never  been 
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followed  by  freedom  from  subsequent  development  of  the  dis- 
ease. Certain  individuals  show  a  marked  natural  susceptibility 
to  infective  disease  of  all  kinds ;  thus,  in  a  case  personally  known 
to  the  author,  a  healthy  woman  of  27  years  had  suffered  from 
small-pox,  scarlatina  (twice),  measles,  whooping-cough,  influenza 
(five  separate  attacks),  and  diphtheria,  besides  innumerable 
attacks  of  follicular  tonsillitis  and  catarrh ;  her  brother,  whose 
occupation  was  closely  similar,  during  the  same  number  of 
years  only  contracted  measles,  whooping-cough,  influenza  (a  mild 
attack),  and  catarrhs.  Where  natural  susceptibility  is  small,  it 
comes  practically  to  the  existence  of  a  relatively  high  degree  of 
natural  immunity. 

B.  Acquired  Susceptibility. — Here  we  have  to  deal  with 
individual  peculiarity  alone  as  distinguished  from  that  of  races 
or  of  varieties.  A  susceptibility  may  be  acquired,  or  a  natural 
insusceptibility  may  be  broken  down  by  a  variety  of  conditions, 
of  which  the  following  are  the  chief  : — 

(a)  Age. — Susceptibility  to  infective  disease  of  all  kinds  is 
greater  in  youth.  In  the  human  subject  the  frequency  with 
which  such  infective  diseases  as  measles,  mumps,  scarlatina, 
whooping-cough  affect  children  is  a  matter  of  common  know- 
ledge. Newly-born  infants  seem  to  be  an  exception  to  this 
rule,  for  in  them  susceptibility  to  infective  diseases  of  most 
kinds  is  less  than  it  is  between  the  second  year  of  life  and 
puberty  ;  this  immunity  may  in  part  depend  upon  a  smaller 
exposure  to  infection,  but  probably  also  depends  upon  their 
absorption  of  immunising  substances  with  the  mother's  milk. 
A  good  example  of  the  effect  of  age  is  given  by  the  white  rat 
in  the  case  of  anthrax,  for  though  the  adult  white  rat  is  insus- 
ceptible to  anthrax  the  young  white  rat  is  very  susceptible. 

In  advanced  age  susceptibility  does  not  seem  to  be  greater 
than  in  adult  life,  but  at  least  in  human  beings  this  may  be 
because,  by  the  time  old  age  has  been  reached,  an  acquired 
immunity  has  been  obtained  to  the  diseases  to  which  the 
individual  is  most  liable  to  be  exposed.  The  resisting  power  of 
the  organism  to  disease  generally  in  old  age  as  in  extreme 
youth  is  less  than  it  is  in  adult  life,  but  I  have  been  unable 
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to  find  evidence  upon  the  special  question  of  susceptibility  to 
infective  disease  in  old  age. 

(b)  Hunger  and  Thirst. — Canalis  and  Morpurgo  showed  that, 
by  starvation,  pigeons,  which  are  normally  resistant  to  anthrax, 
are  rendered  very  susceptible.  To  be  effective,  these  authors 
found  that  starvation  must  be  continued  after  inoculation  ;  if 
the  birds  are  starved  before,  but  fed  after,  inoculation,  they 
survive,  unless  the  hunger  period  has  been  greater  than  six 
days.  Pernice  and  Alessi  proved  that  dogs,  hens,  pigeons,  and 
frogs  can  be  rendered  susceptible  to  anthrax  by  depriving  them 
of  water. 

(c)  Improper  Food. — Hankin  showed  that  the  refractory  white 
rat  may  be  rendered  susceptible  to  anthrax  by  feeding  upon 
sour  milk  and  bread.  In  the  same  way  it  has  been  found  that 
the  presence  of  sugar  in  the  blood,  as  when  phloridzin  is  ad- 
ministered, increases  susceptibility  of  the  animal  in  some,  cases. 

(d)  Exposure  to  Heat,  Cold,  and  Moisture. — Several  examples  of 
the  effects  of  these  agents  are  known.  Two  of  the  most  striking 
are,  that  on  immersing  a  hen  in  cold  water  she  loses  her  resistance 
to  anthrax  (Pasteur),  and  that  a  frog,  if  kept  at  a  temperature  of 
25°-35°  C,  succumbs  to  inoculation  with  anthrax  (Petruschky). 

(e)  Fatigue  and  Loss  of  Blood. — Charrin  and  Eoger  have 
shown  that  the  natural  immunity  of  the  white  rat  is  broken 
down  by  causing  the  animal  to  work  in  a  rotating  cage  until 
thoroughly  fatigued.  Rodet  produced  an  acquired  susceptibility 
in  animals  by  inducing  general  anaemia  from  loss  of  blood. 

(/)  Removal  of  Organs. — Several  experimenters  have  found 
that  after  removal  of  important  organs,  especially  the  pancreas 
(Canalis  and  Morpurgo)  and  the  spleen  (Tizzoni  and  Cattani), 
susceptibility  to  infective  disease  is  increased.  It  was  at  first 
thought  that  these  experiments  prove  the  organs  in  question 
to  have  some  special  connection  with  natural  immunity.  But 
greater  care  in  experiment  and  re- establishment  of  the  animal's 
health  before  inoculation  have  shown  that  the  acquired  sus- 
ceptibility is  not  due  to  absence  of  the  function  of  any  especial 
organ,  but  simply  to  the  shock,  etc.,  which  necessarily  follows 
a  serious  operation. 

2  B 
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In  the  human  subject  we  have  of  course  no  evidence  com- 
parable with  that  obtained  on  lower  animals,  but  it  is  a  well- 
known  fact  that  insanitary  conditions,  exposure,  bad  and  in- 
sufficient food,  mental  worry  and  physical  fatigue,  all  of  which 
are  included  under  the  general  term  "  depressing  conditions," 
are  associated  very  closely  with  tuberculosis.  The  lower  death- 
rate  from  infective  disease  generally,  and  from  tuberculosis  in 
particular,  which  has  been  observable  in  England  during  the 
past  twenty  years  or  so,  must  be  associated  with  the  better 
personal  and  public  hygiene  and  the  improved  standard  of 
living  that  have  existed  over  the  same  period.  The  increased 
susceptibility  of  patients  to  infective  disease  after  severe  opera- 
tions is  highly  important  from  a  surgical  point  of  view. 

C.  Inherited  Susceptibility. — This  branch  of  the  subject 
will  be  postponed  until  it  can  be  discussed  along  with,  inherited 
immunity. 

(iii.)  As  with  susceptibility  so  with  immunity  we  have  to 
distinguish  three  varieties  : — 

A.  Natural  immunity. 

B.  Acquired  immunity. 

C.  Inherited  immunity. 

A.  Natural  Immunity. — This  form  of  immunity  may  be 
seen  in  species,  in  varieties,  or  in  individuals,  but  enough  has 
already  been  said  upon  the  point  in  Section  III.  (i.)  (b)  of  this 
chapter  (p.  382). 

B.  Acquired  Immunity. — Of  this  variety  of  immunity 
there  are  two  distinct  kinds,  which  have  been  distinguished  as 
"  active "  and  "  passive."  These  are  so  different  that  they 
must  be  treated  separately. 

(a)  Active  Immunity. — An  active  immunity  may  be  acquired 
in  five  different  ways  at  least. 

a.  The  natural  susceptibility  to  a  given  infective  disease  may 
be  removed  after  recovery  from  an  attack  of  that  disease. 
Examples  of  this  method  are  very  common  in  ordinary  life; 
the  person  who  has  suffered  from  such  diseases  as  measles, 
scarlatina,  mumps,  or  whooping-cough  probably  neve,,  has 
another  attack  of  the  same  disease  during  the  remainder  of  his 
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Tuberculous  Infection  in  Man 


1.  By  General  Clinical  Examination. 

2.  By  the  Demonstration  of  the  Tubercle 

Bacillus 

in  sputum 
in  urine 
in  glands 
in  faeces 

in  puncture  fluids 
in  pus 

By  microscopical  or  histological  examination  or  by  animal  inoculation. 

3.  By  Tuberculin. 

THE    PERCUTANEOUS  TEST. 

Synonym  —  Moro's  test. 

Indications. — Simplest  test  with  very  fretty  children,  or  when  the  other  tests  have 
been  refused,  or  when  the  patient  is  to  be  disturbed  as  little  as  possible. 

Contra-  indications .  -  -Practically  none. 

Preparation  used. — 50  %  Old  Tuberculin  in  Lanoline  (supplied  with  a  glass 
spreader — sufficient  for  one  case). 

Technique  — 

Site  of  inoculation.— Chest  near  the  nipple;  abdomen  beneath  the  ensi- 

form  cartilage  ;  inner  side  of  forearm. 
Prepaeation  op  site. — Wash  thoroughly  with  alcohol  and  then  with  ether. 
Instrument. — A  glass  spreader. 

Method.— The  small  amount  of  ointment  (about  0*1  gram)  is  rubbed  on 
with  the  glass  spreader  for  about  a  minute  over  an  area  of  about  two 
inches  square  ;  the  skin  is  left  uncovered  for  some  time,  the  ointment 
is  not  removed  ;  no  dressing  is  required. 

After-treatment. — Nil. 

Result.  - 

Negative  reaction.— The  area  shows  no  change  from  the  neighbouring 
skin. 

Positive  reaction. — Local  reaction  only ;  no  general  reaction  ;  several 
small  papules  appear  on  the  area  in  from  12-48  hours,  vary  in  number 
and  in  colour,  disappear  in  from  4-7  days. 
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Interpretation. — 

Positive  result  indicates  that  the  patient  has  been  infected  with  Tubercle 
Bacilli. 

Negative  result  does  not  indicate  that  the  patient  has  not  been  and  is  not 
infected  with  Tubercle  Bacilli.  A  negative  result  is  got  in  many 
tuberculous  cases,  and  he'nce  the  positive  result  only  is  of  value. 

Sequelae  —Nil. 


THE   CUTANEOUS  TEST. 

Synonym. — Cuti  reaction,    v.  Pirquet's  test. 
Indications  especially  useful  for  children. 
Contra  indications.— Practically  none. 

Preparation  used. — (1)  25%  Old  Tuberculin.    [Concentrated  Tuberculin  has  been 
used  and  can  be  supplied  if  required.]    (2)  Control  fluid. 

Technique. — 

Site  of  inoculation. — Inner  side  of  forearm. 

Preparation  of  site. — Rub  skin  with  alcohol  and  then  with  ether. 

Instrument. — v.  Pirquet's  special  needle,  which  is  not  absolutely  necessary, 
or  an  ordinary  vaccination  (cow-pox)  lancet.  The  lancet  is  well  washed 
to  get  rid  of  any  tuberculin  or  other  toxin,  and  then  sterilised. 

Method. — The  skin  is  stretched  between  the  fingers,  and  a  small  area  is 
scarified  through  a  drop  of  the  control  fluid  in  exactly  similar  way  to 
that  of  ordinary  calf  lymph  vaccination  against  small-pox,  i.e.,  only 
the  layers  of  the  epidermis  should  be  scraped  off,  and  although  it  is 
necessary  that  an  abrasion  should  be  made,  there  should  not  be  any 
oozing  of  blood.  On  each  side  of  this  a  similar  small  area  is  similarly 
scarified,  but  through  a  drop  of  the  Tuberculin,  so  that  there  are  two 
tuberculin  areas  and  one  control  area,  each  being  separated  from  each 
other  by  at  least  one  inch.  Allow  to  soak  in  for  a  few  minutes;  no 
dressing  is  required. 

After-treatment — Nil. 

Result.— 

Negative  reaction. — The  control  area  gives  the  standard  for  judging  of  the 
reaction  caused  by  the  scarification  only.  The  three  areas  in  this  case 
are  of  equal  intensity,  and  die  down  quickly  at  the  same  rate. 

Positive  reaction. — Local  reaction  only;  no  general  reaction.  In  from 
3-24  hours  the  tuberculin  areas  show  signs  of  an  inflammatory  reaction 
by  redness  and  slight  swelling,  which  may  quickly  go  on  to  the 
formation  of  papules  or  even  minute  vesicles.  This  does  not  occur  in 
the  control  area.  This  usually  begins  to  die  down  after  one  or  two 
days,  and  is  almost  entirely  gone  in  from  four  to  five  days.  Some 
pigmentation  may,  however,  remain  for  two  or  three  weeks. 

[In  some  a  "delayed  reaction"  may  not  appear  till  after  one  or 
two  days.] 

A  positive  reaction  may  be  obtained  in  repeating  the  test  a  few  days 
after  a  negative  or  inconclusive  reaction. 

I  nterpret  ation .  — 

Positive  reaction  indicates  that  the  patient  has  been  at  one  time  infected 
with  Tubercle  Bacilli,  but  it  gives  no  indication  of  the  position  of  the 
lesion,  or  of  its  activity,  or  of  its  severity,  or  of  the  prognosis. 

Negative  reaction  generally  means  an  absence  of  tuberculosis,  but  test 
may  fail  in  moribund  or  rapidly  fatal  cases. 


Sequelae. — Practically  nil. 
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THE    CONJUNCTIVAL  TEST. 

Synonyms. — Ophthalmoreaction  :  Calmette's  reaction  ;  Wolff-Eisner's  test. 
Indications. — Only  in  exceptional  cases, 

Contra-indications- — In  all  ocular  diseases,  and  in  young  children. 

Preparation  used. — 0-5%  Tuberculin.  The  thinner  end  of  the  tube  is  broken  off, 
and  the  indiarubber  cap  is  then  slipped  over  the  end.  The  tube  is  held  in  a 
horizontal  position,  and  the  other  end  is  broken  off  at  the  file  mark. 

Technique  — 

Site. — The  inner  canthus  of  one  eye, 
Preparation  of  site. — None  necessary. 
Instrument. — None  required. 

Method. — The  head  of  the  patient  is  thrown  back  more  or  less  horizontal, 
the  eyelids  are  kept  open  with  the  fingers,  and  a  drop  is  expressed  from 
the  tube  and  allowed  to  fall  gently  on  the  lower  lid  in  the  conjunctival 
sac  near  the  inner  canthus.  The  lids  are  kept  open  for  about  a  minute 
and  then  the  eye  is  freely  moved. 

After-treatment. — Neither  shade,  bandage,  nor  dressing  is  required. 

Result.— 

Negative  reaction. — The  conjunctiva  remains  unaffected  to  the  naked  eye. 

Positive  reaction. — Local  reaction  only.  No  general  reaction.  In  from 
4-24  hours  later.  Vary  considerably  in  degree  from  a  slight  redness  of 
the  caruncle  and  palpebral  conjunctiva  to  intense  redness  of  the  whole 
conjunctiva,  with  small  ecchymoses,  lachrymation,  and  even  purulent 
secretion.  Usually  disappears  in  about  one  or  two  days,  but  may  be 
very  severe. 

interpretation.— 

Positive  reaction  indicates  that  the  patient  has  been  at  one  time  infected 

with  Tubercle  Bacilli. 
Negative  reaction  requires  to  be  repeated  several  times  before  indicating 

that  the  case  is  probably  not  tuberculous,    A  second  test  may  be  made 

by  applying  a  few  drops  of  a  stronger  solution  (1  %)  to  the  other  eye  of 

the  patient. 

Sequelae. — Several  cases  of  permanent  ocular  damage  are  on  record. 
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Synonym.— Koch's  test. 

Indications. — Where  a  certain  diagnosis  is  required  in  doubtful  cases,  especially 

with  a  view  to  specific  treatment. 
!>ontra-indications.— In  doubtful  cases,  where  temperature  is  above  99°  F.,  where 

a  recent  haemoptysis  has  taken  place,  or  where  Tubercle  Bacilli  have  been 

demonstrated.     In  cases  of  epilepsy  and  of  organic  renal,  and  cardiac 

disease,  and  also  during  the  menstrual  period. 


'reparation  used. — 

1  c.c.  glass  bulbs  containing 


0-0002  c.c.  (Old  Tuberculin  =  0-2  mgr.) 
0-001   c.c.  „  =    1  mgr.) 

0-005   c.c.  „  =    5  mgr.) 

0.01     c.c.  „  =  10  mgr.) 


For  children  or  very  weak  patients  the  doses  may  be  reduced  from 
%  to  ^th.  The  bulb  is  well  shaken  and  the  neck  broken  at  the  file  mark  by 
placing  together  the  nails  of  both  thumbs  on  the  neck  exactly  opposite  the 
file  mark. 
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Technique.— 

Site. — Any  loose  subcutaneous  tissue^  especially  where  there  is  but  little 
movement,  e.g.,  just  below  the  scapulae. 

Preparation  op  site: — Wash  well  with  alcohol  and  then  with  ether. 

Instrument. — The  ordinary  hypodermic  (20  or  40  minims)  syringe  (preferably 
a  glass  one),  sterilised  by  boiling  in  water  for  a  few  minutes. 

Method.  The  contents  of  the  bulb  of  tuberculin  is  drawn  into  the  sterile 
syringe  and  injected  (preferably  early  in  morning)  subcutaneously 
after  thrusting  the  needle  of  the  syringe  quickly  tbrough  the  skin.1 
The  tuberculin  is  allowed  to  be  absorbed  naturally,  and  the  part  is  not; 
massaged. 

The  patient  preferably  remains  in  bed,  bnt  this  is  not  essential. 

0-0002  c.c.  is  injected  first,  and  if  a  reaction  is  obtained  further 
injections  are  not  required,  but  if  a  reaction  is  not  obtained  0001  c.c. 
is  injected  on  the  third  day,  and  if  no  reaction,  0*005  c.c.  is  injected  on 
the  fifth  day,  and  if  still  no  reaction,  0'01  c.c.  on  the  seventh  day.  If 
at  any  time  there  is  a  doubtful  reaction  (rise  of  0"5r  F.)  the  dose  should 
be  repeated  and  not  increased. 

After-treatment. — Symptomatic.  The  temperature  should  be  taken  at 
three  or  four  hourly  intervals  from  at  least  two  days  before  the 
injections. 

Result.— 

Positive  reaction  varies  greatly  in  intensity.  Occurs  usually  in  about 
G-12  hours. 

General,  Fever. — Rise  of  temperature  (2°F.)  May  be  malaise, 
nausea,  vomiting,  headache,  depression,  &c. 

Local. — "Focal  reaction"  not  always  obtained.  The  tubercular 
lesion  may  become  red,  swollen  and  tender,  and  more  easily 
demonstrated,  and  Tubercle  Bacillus  are  then  more  likely  to  be 
found  in  sputum,  urine,  pus,  &c. 

Negative  reaction.— A  non- tubercular  adult  does  not  show  a  positive 
reaction  except  with  large  doses,  e.g.,  about  0'02  c.c. 


Interpretation.— 

Positive  reaction  occurring  after  any  one  of  the  above  doses  indicates  that 
the  patient  is  tuberculous,  if  an  intercurrent  febrile  affection  can  be] 
excluded.  The  "focal  reaction"  frequently  indicates  the  position  of 
the  tuberculous  focus. 

Negttve  rection  negatives  a  tuberculous  condition  if  the  patient  is  not 
practically  moribund. 


Sequelae. — 

Practically  nil,  if  stronger  injections  are  not  given  after  a  positive  reaction 
is  obtained. 


4.   By  TubercuSo-opsonic  index. 

The  determination  of  one  index  or  of  a  series. 

The  determination  of  a  series  before  and  after  auto-inocnlation  due< 
to  movement,  massage,  &c. 

The  determination  of  a  series  before  and  after  an  injection  of  a] 
small  dose  of  Tuberculin  T.R.  (e.g.,  0-0002  mgr.),  especially  in  cases 
where  it  is  impossible  or  inadvisable  to  massage  or  move  the  infected 
part. 
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life.  Here  the  acquired  immunity  is  permanent,  but  in  other 
cases  immunity  may  be  of  shorter  or  even  of  very  short  dura- 
tion. Thus  for  a  short  time  after  recovery  from  an  ordinary 
catarrh  the  patient  is  immunised,  but  within  a  few  weeks  or 
months  the  immunity  disappears.  With  erysipelas,  cholera, 
and  influenza  the  immunity  conferred  by  an  attack  of  one  of 
these  diseases  is  so  short  that  it  may  almost  be  said  to  be  non- 
existent, indeed  many  surgeons  have  maintained  that  one  attack 
of  erysipelas  actually  predisposes  the  patient  to  a  second. 

/3.  Immunity  may  be  acquired  by  inoculation  with  attenuated  ' 
micro-organisms.  The  best  example  of  this  mode  of  procuring 
immunity  is  probably  afforded  by  vaccination,  though  we  are 
still  ignorant  of  the  bacteria  concerned,  unless  the  results  of 
Klein  and  of  Copeman  are  fully  accepted.  It  is  generally  allowed 
that  vaccinia  is  variola  or  small-pox  attenuated  by  passage  of 
the  disease  through  the  cow ;  we  may  therefore  regard  vacci- 
nation as  inoculation  with  an  attenuated  form  of  that  disease 
against  which  we  wish  to  confer  an  immunity.  Intentional 
inoculation  with  small-pox  as  it  was  practised  in  the  eighteenth 
century  was  an  example  rather  of  the  first  than  of  the  second 
method,  for  though  the  variolous  matter  was  taken  from  mild 
cases  it  could  not  be  said  to  be  attenuated,  since  it  not  infre- 
quently produced  severe — even  fatal — disease  in  the  inoculated 
persons.  Pasteur  applied  the  principle  of  inoculation  with 
attenuated  virus  to  chicken-cholera,  anthrax,  and  other  diseases 
with  greater  or  less  degrees  of  success.  Haffkine's  method  of 
anti-choleraic  inoculations  practically  belongs  to  this  class. 

y.  Immunity  may  be  conferred  by  inoculation  with  small 
doses  of  virulent  micro-organisms.1  In  this  method  it  is 
obvious  that  a  direct  attempt  is  made  to  copy  nature.  The 
dose  inoculated  must  of  course  be  less  than  the  minimal  lethal 
dose.  When  the  animal  has  recovered,  it  is  found  to  possess  a 
certain  degree  of  immunity,  and  one  is  able,  by  gradually  rais- 

1  Klein  (Centralbl.  f.  JBakL,  etc.,  vol.  xx.,  1896,  p.  417)  produced  an  immunity 
to  diphtheria  in  guinea-pigs  by  successive  injection  into  the  peritoneal  cavity  of 
large  quantities  of  living  diphtheria  bacilli  taken  from  cultures  on  gelatine.  The 
guinea-pig  is  much  less  susceptible. to  intra-peritoneal  than  to  subcutaneous  in- 
oculation with  diphtheria  bacilli.  Reference  will  be  made  to  this  experiment  later. 


388 


THE  PATHOLOGY  OF  INFECTION. 


ing  the  dose  of  virus  injected  in  successive  inoculations  of  the 
same  animal,  to  raise  the  degree  of  immunity  which  it  possesses. 
Ultimately  the  animal  may  withstand  with  ease  a  dose  equal 
to  many  times  the  dose  which  would  at  first  have  been  fatal. 

S.  The  most  important  method  we  possess  for  obtaining 
acquired  immunity  is  that  introduced  by  Salmon  and  Smith 
in  America.  These  investigators  found  that,  if  the  sterilised 
products  of  the  bacillus  of  hog-cholera  be  injected  into  pigeons, 
the  birds  become  resistant  to  subsequent  inoculations  with  the 
bacillus  itself.  This  method  is  of  vast  importance,  both  from  a 
practical  and  from  a  theoretical  point  of  view.  The  theoretical 
side  of  the  question  will  be  left  for  the  present,  but  from  a 
practical  point  of  view  the  discovery  is  important,  because  it 
permits  of  better  regulation  of  the  dose  used  for  inoculation. 
In  laboratory  experiments,  except  for  special  purposes,  this 
method  has  superseded  the  others.  Numerous  examples  of 
immunity  acquired  in  this  manner  are  known,  but  the  most 
striking  are  perhaps  those  obtained  in  the  cases  of  B.  tetani,  B. 
diphtherial,  and  B.  pyocyaneus. 

Just  as,  when  conferring  immunity  by  doses  of  virulent  micro- 
organisms, it  is  necessary  to  commence  with  doses  far  below  the 
lethal  dose,  and  to  gradually  increase  the  amount  inoculated,  so 
in  this  method  of  "  immunisation  by  chemical  products "  it  is 
necessary  to  begin  with  very  small  doses  of  the  toxin  and  to 
gradually  increase  the  dose  as  immunity  is  being  acquired.  If 
this  process  be  carried  out  with  care,  an  animal  may  in  time 
acquire  so  great  a  degree  of  immunity  that  it  will  withstand  an 
injection  of  many  hundred  times  the  dose  of  poison  that  would 
have,  at  first,  killed  it  with  certainty.  This  method  is  adopted 
(in  some  cases  in  conjunction  with  inoculation  of  cultures  of 
living  and  virulent  bacilli)  in  the  preparation  of  anti-diphtheritic 
serum  from  horses.  There  is  a  limit,  apparently,  for  each  animal, 
beyond  which  an  acquired  immunity  of  this  kind  cannot  be 
pushed,  but  excepting  the  bare  fact  nothing  is  known  at  present 
upon  this  point. 

e.  It  has  been  found  that  an  immunity  may  be  acquired  after 
feeding  an  animal  with  toxin.    Little  is  known  with  reference  to 
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this  method,  but  it  is  of  great  interest  in  connection  with  the 
beneficial  results  obtained  in  myxcedema  by  feeding  with  thyroids 
of  the  sheep. 

(b)  Passive  Immunity. — It  was  found  by  many  observers, 
amongst  whom  Behring  stands  pre-eminent,  that  when  an  animal 
has,  by  any  of  the  methods  described  above,  been  immunised 
against  a  given  infective  agent,  the  blood-serum  of  that  animal,  if 
inoculated  into  other  animals,  can  confer  upon  them  also  an  im- 
munity against  the  same  infective  agent.  This  statement  may  be 
regarded  as  a  general  law.  Since  the  second  animal  in  this  case 
has  not  been  "  actively "  immunised  by  the  specific  micro- 
organism or  its  toxin,  but  is  simply  made  to  share  in  the  im- 
munity which  inoculation  of  the  specific  micro-organism  or  its 
toxin  has  produced  in  the  first  animal,  this  method  of  immunisa- 
tion has  been  distinguished  as  "  passive." 

The  truth  of  the  law  given  above  is  now  firmly  established ;  it 
has  been  demonstrated  in  the  cases  of  rabies,  of  tetanus,  of  diph- 
theria, of  pneumonia,  and  of  other  diseases.  Ehrlich  extended 
the  range  over  which  this  law  holds  good  by  showing  that 
animals  may  be  actively  immunised  against  ricin  (the  active 
principle  of  castor-oil  beans)  and  abrin  (the  active  principle  of 
jequirity  seeds),  and  that  the  blood-serum  of  such  immune 
animals  is  able  to  confer  passive  immunity  against  ricin  and 
abrin  respectively  in  other  animals.  And  Calmette,  whose  work 
has  been  confirmed  by  Fraser,  has  recently  shown  that  the  same 
holds  good  with  reference  to  animals  immunised  by  successive 
small  doses  against  snake-venom.1 

The  importance  of  this  method  of  conferring  immunity  lies  in 
the  fact  that  it  is  not  only  protective,  but  also  is  curative.  Not 
only  by  a  previous  injection  of  serum  from  an  immunised  animal 
can  a  subsequent  inoculation  with  the  poison  (or,  in  the  case  of 
bacterial  poisons,  with  the  bacteria)  be  rendered  abortive,  but  also 
if  a  sufficiently  large  injection  of  the  serum  be  given  after  symp- 
toms of  the  disease  have  appeared,  those  symptoms  are  cut  short, 
and  the  patient  recovers.    The  amount  of  the  specific  serum 

1  In  spite  of  many  attempts  an  immunising  serum  has  never  been  prepared  for 
alkaloidal  poisons  such  as  morphia  and  strychnia. 
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necessary  for  cure  is,  however,  greater  than  the  amount  necessary 
for  prevention,  and  the  probability  of  cure  varies  inversely  with 
the  length  of  time  after  inoculation  with  the  micro-organism  that 
elapses  before  injection  of  the  serum  is  carried  out. 

Passive  and  active  immunity  show  important  differences.  In 
particular,  passive  immunity  appears  very  rapidly  after  injection 
of  the  immunising  serum,  active  immunity,  on  the  other  hand, 
does  not  appear  for  days,  or  even  weeks,  after  inoculation  with 
the  toxin  or  bacteria ;  *  passive  immunity  varies  with  the 
immunity  of  the  animal  whence  the  serum  was  obtained  and  the 
amount  of  serum  injected,  active  immunity  is  only  within  limits 
proportional  to  the  amount  or  intensity  of  the  virus  (toxin  or 
bacteria)  used  for  injection ;  passive  immunity  is  only  temporary, 
active  immunity  is  (relatively)  permanent. 

C.  Inherited  Susceptibility  and  Immunity. — Though 
little  is  known  concerning  other  forms  of  immunity  and  sus- 
ceptibility, still  less  is  known  concerning  hereditary  transmission 
of  these  characteristics.  But  the  fact  among  others  that  the 
children  of  tubercular  parents  are  very  liable  to  suffer  from 
tuberculosis  shows  the  importance  of  the  question. 

Now,  when  the  child  of  tubercular  parents  itself  suffers  from 
tuberculosis,  it  may  either  be  born  with  evidence  of  the  disease, 
in  which  case  the  tuberculosis  is  "congenital,"  or  the  disease 
may  not  be  developed  till  later  in  life,  perhaps  in  the  first  or 
second  year,  perhaps  in  early  adolescence. 

"Where  the  disease  is  congenital,  infection  must  have  been 
derived  either  from  the  father  through  the  semen  or  from  the 
mother.  With  regard  to  paternal  infection,  though  it  is  certain 
that  the  semen  of  tubercular  persons  may  contain  tubercle  bacilli, 
the  occurrence  of  direct  infection  of  the  ovule  is  very  doubtful ; 
probably  in  all  cases  of  congenital  tuberculosis  the  mother 
herself  has  been  infected  first.1     With  regard   to  maternal 

1  According  to  Kanthack  (Allbutt's  System  of  Medicine)  this  may  be  said  of 
all  infective  diseases  with  the  bacteriology  of  which  we  are  acquainted.  In 
syphilis,  direct  paternal  infection  may  apparently  take  place  in  that  a  syphilitic 
child  may  be  born  without  any  evidence  of  the  disease  being  presented  by  the 
mother  ;  but  that  her  tissues  are  modified  in  some  way  is  shown  by  the  fact  that 
though  such  a  child  will  infect  a  wet  nurse  it  will  not  infect  its  own  mother. 
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infection  it  is  known  that  the  mother  may  directly  infect  her 
offspring  in  utero  with  typhoid  fever,  with  small-pox,  with  malaria, 
and  in  these  cases  the  micro-organisms  concerned  must  have 
passed  through  the  walls  of  the  maternal  and  foetal  blood-vessels 
in  the  placenta ;  nevertheless  it  is  doubtful  whether  such  passage 
of  micro-organisms  can  take  place  when  the  placenta  is  healthy. 
For  congenital  tuberculosis  we  may  therefore  regard  an  ante- 
cedent maternal  infection  as  being  most  probable. 

But  when  disease  is  contracted  in  later  life  at  least  three 
explanations  are  possible:  (1)  Infection  may  take  place  because 
of  the  existence  around  the  child  of  an  atmosphere  more  highly 
charged  with  tubercle  bacilli  than  normal,  i.e.,  the  risk  of  infection 
is  abnormally  great.  There  can  be  no  doubt  that  such  increased 
risk  obtains  in  cases  where  the  tubercular  parent  or  parents  are 
still  living  and  the  subjects  of  active  tuberculosis  of  the  lungs. 
The  number  of  bacilli  expectorated  with  the  sputum  is  frequently 
enormous,  and  the  carelessness  of  tubercular  patients  with  regard 
to  disinfection  of  their  sputum,  combined  with  the  great  vitality 
shown  by  tubercle  bacilli  where  drying  is  concerned,  must  lead 
to  the  suspension  in  the  air  of  large  numbers  of  potentially 
active  bacilli.  Even  in  hospitals  for  consumption,  where  great 
care  is  taken  to  disinfect  expectoration,  the  air  contains  relatively 
large  numbers  of  tubercle  bacilli.  (2)  The  child  may  possibly 
inherit  a  susceptibility  which  exists  in  its  parents  as  shown  by 
the  occurrence  of  tuberculosis  in  them.  This  condition  is  the 
only  one  which  could  strictly  be  called  "  inheritance  of  suscepti- 
bility," and  it  has  long  been  held  that  such  an  inheritance  is  the 
chief  cause  of  the  appearance  of  tuberculosis  in  the  children  of 
tubercular  parents.  If  the  inheritance  of  parental  characteristics, 
physical  as  well  as  mental,  is  borne  in  mind,  the  possibility  of 
such  an  explanation  cannot  be  denied,  but  its  actual  existence  is 
extremely  difficult  of  proof.  In  some  cases  a  special  individual 
susceptibility  is  recognised,  as  for  example  where  one  member  of 
a  family,  in  which  for  three  generations  no  case  of  tuberculosis 
has  ever  been  known,  suddenly  contracts  the  disease  and  dies  in  a 
few  weeks  or  months  of  "  galloping  consumption."  On  the  other 
hand,  a  special  individual  immunity  is  sometimes  seen,  as  where 
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a  father,  mother,  and  seven  brothers  and  sisters  have  died  from 
tuberculosis  but  yet  one  member  of  the  family  (aged  50),  in  spite 
of  having  lived  for  eighteen  years  in  a  hospital  for  consumption, 
has  nevertheless  remained  perfectly  well.1  (3)  The  bacilli  may 
have  been  introduced  during  foetal  life  but  have  remained 
"  latent."    To  this  point  reference  will  be  made  later. 

Turning  now  to  the  subject  of  inherited  immunity.  Immunity 
of  the  young  of  immunised  parents  to  anthrax,  to  rabies,  to 
tetanus,  and  to  B.  pyocyanetcs,  has  been  experimentally  recognised, 
and  reference  has  already  been  made  to  the  fact  that  newly-born 
infants  show  a  marked  immunity  to  diseases  to  which  in  later 
life  they  become  susceptible.  Here  again  at  least  three  explana- 
tions are  possible :  (1)  The  child  may  partake  of  an  acquired 
immunity  possessed  by  its  mother.  In  this  case  the  child  would 
be  the  subject  of  a  passive  immunity,  differing  only  from  passive 
immunity  as  we  know  it  in  other  cases  by  the  particular  method 
in  which  the  protective  serum  is  introduced  from  one  individual 
into  another.  The  fact  that  the  immunity  present  in  the  newly- 
born  gives  place  to  a  susceptibility  within  a  few  weeks  or  months 
of  birth  completes  the  analogy  with  other  cases  of  passive  im- 
munity. (2)  The  child  may  have  itself  acquired  an  active 
immunity,  though  in  utero,  from  having  itself  passed  through 
an  attack  of  the  disease,  or  from  having  received  repeated  doses 
of  toxin  through  the  blood-plasma  of  the  mother.  Under  either 
of  these  two  conditions  the  mother  must  have  been  suffering 
from  the  disease  during  her  pregnancy.  (3)  An  immunity  present 
in  the  father  or  mother  may  have  been  transmitted  directly  to 
the  embryo. 

Strictly  speaking,  the  last  of  these  possibilities  alone  should 
be  called  "  inheritance  of  immunity,"  but  there  is  reason 
to  believe  that  in  a  large  number  of  cases — perhaps  the  ma- 
jority— of  "inherited  immunity"  the  young  is  immunised  by 
either  the  first  or  the  second  method.  In  the  case  of  B.  pyo- 
cyaneus,  Charrin  and  Gley  have  done  some  important  work  in 

1  The  examples  given  have  come  under  the  author's  personal  observation  ;  the 
family  history  of  the  last  case  is  a  curious  combination  of  the  opposite  conditions 
under  discussion. 
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an  endeavour  to  investigate  inheritance  of  immunity  in  its 
strictest  sense.  Male  rabbits  (the  rabbit  may  be  said  to  possess 
no  natural  immunity  whatever  to  B.  pyocyaneus)  were  immunised 
by  repeated  subcutaneous  injections  of  pyocyaneus  toxin.  Fifteen 
to  eighteen  days  after  the  last  injection,  by  which  time  previous 
experience  had  shown  that  no  toxin  is  present  in  the  animals, 
each  of  the  males  was  placed  in  a  cage  with  a  normal  healthy 
female.  Of  thirty-six  young  born  alive  from  these  parents,  Charrin 
and  G-ley  found  that  three  possessed  a  greater  or  less  degree  of 
resistance  to  inoculation  with  the  Bacillus  pyocyaneus,  though 
the  mothers  themselves  were  still  highly  susceptible  in  all  cases 
but  one.  Though  rare,  a  strict  inheritance  of  immunity  may 
therefore  be  allowed  to  exist.  When  both  parents  had  been 
immunised  the  percentage  was  much  higher,  eight  young  out  of 
twenty-three  showing  resistance  to  inoculation  with  the  disease. 

(iv.)  Local  Immunity. — In  all  the  forms  of  immunity  that 
have  hitherto  been  considered  the  condition  has  been  one  apper- 
taining to  the  body  as  a  whole,  and  for  that  reason  they  may  be 
summed  up  under  the  term  "  general  immunity."  But  Cobbett 
and  Melsome  have  found  that  besides  a  general  immunity  we 
may  also  have  a  local  immunity.  Upon  this  point  we  have  as 
yet  little  information,  but  the  authors  mentioned  have  found 
that  the  result  of  inoculating  the  rabbit's  ear  with  Strept.  ery- 
sipelatis  differs  according  as  the  ear  has  or  has  not  been  the  seat 
of  a  previous  recent  attack  of  erysipelas.  In  the  normal  ear, 
inoculation  is  followed  by  an  inflammation  which  usually  com- 
mences not  earlier  than  the  third  day,  which  is  at  its  height 
about  the  seventh  or  eighth  day,  when  the  whole  ear  is  red,  hot, 
oedematous,  and  drooping,  and  which  terminates  about  the  twelfth 
day  in  death  of  the  animal  or  recovery  after  more  or  less  severe 
symptoms,  including  gangrene  of  the  ear.  Inoculation  of  an  ear 
that  has  recently  recovered  from  such  an  attack,  on  the  other 
hand,  leads  to  a  transient  hyperemia,  which  begins  a  few  hours 
after  inoculation,  which  is  never  severe,  and  which  has  usually 
disappeared  by  the  following  day.  The  authors  associate  this 
milder  course  of  the  disease  in  the  second  case  with  the  presence 
in  the  ear  of  inflammatory  products — cells  and  exudation — left 
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on  the  retrogression  of  the  first  attack.  Alongside  of  these  ex- 
periments may  be  placed  those  of  Metchnikoff  and  of  Issaeff,  who 
found  that  if  cholera  vibrios  or  pneumonococci  be  inoculated 
into  the  peritoneal  cavity  of  guinea-pigs  which  the  day  previous 
have  been  subjected  to  an  injection  of  sterile  bouillon,  the 
animals  recover,  whereas  if  no  preparation  of  the  peritoneum 
have  been  made  the  animals  succumb.  It  is  not  known  if  local 
immunity  is  specific,  and  there  are  many  reasons  for  believing 
that  this  is  not  the  case.  If  so,  there  is  a  marked  difference 
between  local  acquired  immunity  and  general  acquired  im- 
munity. 

IV.  Bacterial  Factors  influencing  the  Occurrence  or 
Non-Occurrence  of  Infection. — Besides  personal  factors  of 
immunity  and  susceptibility  the  question  whether  inoculation  of 
a  given  micro-organism  shall  or  shall  not  lead  to  disease  depends 
upon  factors  that  may  be  grouped  together  as  "  bacterial."  These 
are  as  follows  : — 

(i.)  The  Dose  used  for  Inoculation. — That  the  dose  of  the 
causal  agent  of  a  disease  which  gains  entrance  to  the  tissues  of 
an  animal  must  have  an  effect  in  determining  whether  infection 
shall  occur  or  no  is  obvious,  and  we  have  experimental  evidence 
that  such  is  the  case.  This  evidence  is  clearest  in  diseases  such 
as  diphtheria  and  tetanus,  in  which  graduation  in  severity  of  the 
symptoms  can  be  induced  in  different  animals  by  injecting 
graduated  doses  of  toxin  apart  from  micro-organisms.  The  same 
probably  also  holds  good  with  injections  of  living  bacilli,  at  least 
within  limits.  Upon  this  point  Watson  Cheyne  has  made  special 
experiments,  and  he  finds  that  in  the  case  of  each  micro-organism 
and  each  species  of  animal  there  is  a  certain  (rough)  minimal 
number  of  bacteria  which  it  is  necessary  to  inject,  otherwise 
infection  will  fail.  This  number  is  greater  or  smaller  according 
to  the  immunity  or  susceptibility  of  the  animal,  to  the  virulence 
of  the  micro-organism  used  for  inoculation,  etc.  There  can  be 
no  doubt  that  in  health,  pathogenetic  micro-organisms  are  con- 
stantly gaining  access  to  our  tissues  through  abrasions  of  the 
cuticular  and  mucous  surfaces ;  that  we  do  not  become  a  prey 
to  an  infinity  of  diseases  must  largely  depend  upon  the  fact  that 
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the  doses  of  micro-organisms  that  we  receive  in  this  way  are 
subminimal. 

(ii.)  The  Seat  of  Inoculation. — Though  it  is  highly  prob- 
able that  micro-organisms  cannot  gain  entrance  to  the  tissues 
through  an  absolutely  uninjured  surface,  there  is  reason  to 
believe  that  their  effects  upon  the  body  as  a  whole,  when  once 
they  have  gained  entrance,  depend  in  large  degree  upon  the 
seat  at  which  they  become  inoculated.  Not  only  does  this  affect 
the  general  course  of  the  disease,  but  it  also  aids  in  determining 
whether  infection  shall  occur  or  no.  An  example  of  these  points 
is  yielded  by  diphtheria.  If  the  micro-organism  (apart  from 
toxin)  be  inoculated  into  the  peritoneal  cavity  of  a  normal 
guinea-pig,  the  animal  will  in  a  large  number  of  cases  suffer  no 
harm,  and  in  any  case  it  will  probably  not  die,  but  if  an  exactly 
similar  inoculation  be  made  into  the  subcutaneous  tissue  of  the 
abdomen  of  another  guinea-pig,  it  will  probably  die  in  a  couple 
of  days.  The  exact  converse  is  true  for  V.  cholerce  asiaticoe,  since 
a  dose  which,  inoculated  into  the  peritoneal  cavity  of  a  normal 
guinea-pig,  will  kill  with  certainty,  inoculated  into  the  sub- 
cutaneous tissues  of  another  guinea-pig,  will  lead  perhaps  to  no 
more  than  a  slight  local  inflammation.  When  discussing  local 
immunity,  also,  reference  was  made  to  the  fact  that  a  patho- 
genetic micro-organism  which  will  lead  to  disease  when  injected 
into  a  normal  part,  may  fail  to  do  so  if  injected  into  a  part  that 
has  a  short  time  previously  been  the  seat  of  inflammation.  A 
satisfactory  explanation  of  these  facts  is  at  present  impossible, 
but  they  must  certainly  depend  upon  tissue  conditions  of  some 
kind. 

(iii.)  The  Virulence  of  the  Micro-Organism. — Here  we 
have  another  important  factor  in  determining  whether  infection 
shall  occur  or  no.  Infection  may  fail  because,  as  the  result  of 
attenuation,  the  microbe  has  become  converted  into  a  compara- 
tively harmless  parasite,  or  even  has  become  unable  to  carry  on 
a  parasitic  existence  at  all  except  under  extraordinary  circum- 
stances. This  is  probably  the  case  with  some  of  the  pathogenetic 
micro-organisms  inhabiting  the  mouth.  Attenuation  of  the 
micro-organism  is  probably  also  one  of  the  causes  for  the  dying- 
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out  of  epidemics  and  for  the  milder  course  run  by  cases  occurring 
towards  the  end  of  epidemics.  On  the  other  hand,  the  virulence 
of  a  microbe  may  be  increased  and  then  the  liability  of  infection 
following  inoculation  is  proportionately  increased. 

The  virulence  of  a  pathogenetic  micro-organism  may  be  raised 
or  lowered  by  artificial  means  within  wide  limits ;  so  that,  for 
example,  starting  with  a  given  variety  of  B.  anthracis,  it  may, 
on  the  one  hand,  be  attenuated  to  such  an  extent  that  it  no 
longer  infects  the  highly  susceptible  white  mouse,  and  on  the 
other  hand,  its  virulence  may  be  increased  to  such  an  extent 
that  it  readily  kills  the  much  less  susceptible  sheep.  When  a 
micro-organism  has  been  artificially  attenuated,  it  apparently 
never  loses  all  its  distinguishing  properties ;  morphologically 
and  culturally,  its  characters  are  practically  unchanged.  Pro- 
bably also  its  original  virulence  may  always  again  be  established 
by  appropriate  means;  as  a  rule,  passage  through  one  or  two 
animals  is  sufficient  for  the  purpose. 

We  have  no  evidence  that  a  pathogenetic  micro-organism 
ever  becomes  permanently  saprophytic.  ISTor  have  we  evidence 
that  a  normally  saprophytic  micro-organism  ever  becomes 
parasitic.  Nevertheless,  according  to  Klein,  " B.  coli,"  a 
saprophyte  found  normally  in  the  intestine  and  non-patho- 
genetic  for  the  guinea-pig,  may,  under  certain  circumstances, 
gain  access  to  the  peritoneal  cavity — passing  either  through  the 
injured  or  the  uninjured  intestinal  wall — and  may  there  become 
so  virulent,  that  a  minute  dose  injected  intra-peritoneally  into 
guinea-pigs  produces  a  fatal  disease  which  is  truly  infective  in 
that  it  can  be  communicated  from  animal  to  animal.  Buchner's 
assertion  that  by  cultivation  he  succeeded  in  converting  the 
common  hay  bacillus  (B.  subtilis)  into  the  bacillus  of'  anthrax 
has  long  been  held  as  dependent  upon  imperfection  in  his 
methods,  and  in  the  case  of  Klein's  experiments  the  great 
dissimilarities  between  the  numerous  varieties  of  micro-organ- 
ism included  under  the  name  "  B.  coli  "  raises  the  suspicion  that 
the  highly  virulent  micro-organism  may  not  have  been  derived 
from  the  harmless  saprophyte  at  all. 

(iv.)  The  Presence  or  Absence  of  Toxin  along  with 
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the  Micro-organisms  used  for  Inoculation. — Vaillard  and 
Rouget  showed  that  if  the  spores  of  B.  tetani,  completely  freed 
from  adhering  toxin,  are  inoculated  even  in  very  large  quantities 
into  the  highly  susceptible  mouse  or  guinea-pig,  infection  fails. 
Besson  obtained  similar  results  in  the  case  of  inoculation  with 
toxin- free  spores  of  malignant  oedema.  There  is  no  doubt  also 
that  the  effects  of  an  injection  of  B.  diphtheria  into  the  peri- 
toneal cavity  of  a  normal  guinea-pig  depend  very  largely  upon 
the  presence  or  absence  of  toxin  along  with  the  injected  bacilli. 
If  the  bacilli  have  been  grown  on  gelatine,  the  length  of  time 
necessary  for  cultivation  ensures  that  the  surface  of  the  gelatine 
is  dry ;  hence  the  bacilli  are  obtained  with  but  a  small  amount 
of  adhering  toxin,  and  in  the  large  majority  of  cases  injection 
of  such  bacilli  is  followed  by  no  ill  effects.  But  if  the  bacilli 
have  been  grown  on  recently  prepared  and  moist  agar- agar,  or 
still  better,  if  they  have  been  grown  in  bouillon,  a  greater  or 
less  amount  of  toxin  is  injected  along  with  the  bacilli,  and  the 
effects  of  an  intra- peritoneal  injection  are  very  different ;  in  not 
a  few  cases  death  occurs  in  24-48  hours. 

(v.)  Symbiosis. — Reference  has  already  been  made  to  the 
importance  of  symbiosis  in  bacteriological  questions  generally. 
Sufficient  is  known  to  indicate  that  symbiosis  is  probably  a 
factor  of  the  highest  importance  in  determining  the  occurrence 
or  non-occurrence  of  infection.  In  tetanus,  as  usually  con- 
tracted through  a  wound  to  which  earth  has  gained  access,  the 
presence  of  aerobic  and  symbiotic  micro-organisms  entering  the 
wound  at  the  same  time  as  the  tetanus  bacilli  or  spores,  is  per- 
haps essential  to  the  later  development  of  the  tetanus  bacilli. 
On  the  other  hand,  it  has  been  shown  by  various  authors  that 
symbiosis  mitigates  the  course  of  certain  infections.  Thus  if  B. 
anthracis  and  Strept.  erysipelatis  be  inoculated  simultaneously 
into  a  rabbit,  fatal  anthrax  is  not  produced,  though,  in  the 
absence  of  an  injection  of  Strept  erysipelatis,  the  animal  would 
die  from  anthrax  (Watson  Cheyne,  von  Emmerich).  The  same 
result  follows  if,  instead  of  Strept.  erysipelatis,  B.  pyocyaneus 
or  its  products  be  injected  simultaneously  with  or  immediately 
after  inoculation  with  anthrax  (Bouchard,  Charrin,  Woodhead). 
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In  infective  diseases  of  the  respiratory,  the  alimentary,  and  the 
genito-urinary  tracts,  in  all  of  which  symbiosis  must  be  readily 
possible,  the  peculiar  characters  of  individual  attacks  may  well 
depend  in  part  upon  the  accidental  organisms  present  in  the 
particular  case.  But  in  this  matter  we  pass — as  yet — into  the 
region  of  pure  speculation. 

V.  On  Certain  Properties  of  Blood-Serum. — It  is  now 
necessary  to  examine  into,  certain  relations  obtaining  between 
blood-serum  on  the  one  hand  and  bacteria  and  their  products 
on  the  other,  partly  because  of  their  intrinsic  importance  and 
partly  because  reference  to  them  will  frequently  be  made  when 
discussing  the  theories  of  immunity.  These  properties  are  (i.) 
General,  (ii.)  Specific,  and  they  will  be  described  under  these 
headings. 

(i.)  General  Properties. — Blood-serum  was  early  thought  of 
as  a  medium  in  which  the  cultivation  of  micro-organisms  might 
be  undertaken,  and  its  closer  resemblance  than  other  culture- 
media  to  the  normal  fluids  of  the  living  body  promised  interest- 
ing results  so  far  as  the  properties  of  pathogenetic  bacteria  are 
concerned.  But  though  these  promises  have  not  been  falsified, 
in  that  blood-serum  has  been  found  to  be  the  most  favourable 
or  even  the  only  medium  upon  which  artificial  cultivation  of 
certain  micro-organisms  [can  be  carried  out,  the  results  obtained 
from  investigation  on  this  point  have  borne  far  more  important 
fruit  in  quite  another  direction.  For  it  was  found  that  blood- 
serum  when  fresh,  so  far  from  being  a  favourable  culture- 
medium  for  micro-organisms,  in  a  large  number  of  cases 
actually  hinders  their  growth  or  positively  destroys  them. 
This  germicidal  property  of  fresh  serum  is  gradually  lost,  and 
then  the  serum,  like  any  other  highly  albuminous  fluid,  is  a  very 
suitable  culture-medium. 

It  is  not  known  with  what  constituent  of  the  serum  the 
bactericidal  property  is  bound  up,  though  Buchner,  finding  that 
the  property  is  lost  on  dialysing  the  serum,  imagined  that  it 
was  in  some  way  bound  up  with  the  salts.  Indeed,  beyond  the 
facts  that  such  a  property  exists,  that  it  is  lost  if  the  serum  be 
exposed  to  air  and  light  (in  which  case  we  are  probably  justified 
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in  concluding  that  the  bactericidal  substance  becomes  oxidised), 
and  that  it  is  destroyed  by  heating  the  serum  to  55°  C.  for  half 
to  one  hour,  we  know  very  little.  The  property  seems  to  be 
directed  against  all  kinds  of  micro-organism,  non-pathogenetic 
as  well  as  pathogenetic.  It  is  not  present  to  the  same  degree 
in  all  specimens  of  serum,  even  when  quite  fresh,  nor  is  it  con- 
stantly found  in  the  serum  of  particular  species  of  animal ;  in 
one  animal  it  may  be  present  to  a  marked  extent,  and  in 
another  animal  of  the  same  species  and  apparently  similar  in 
all  respects  it  may  be  quite  absent.  The  germicidal  substance 
itself  is  probably  of  an  albuminoid  nature  and  has  many 
analogies  with  the  enzymes.  Albuminoid  substances  possessing 
bactericidal  properties  can  be  separated  in  an  impure  form  from 
blood-serum,  spleen,  and  tissues  of  most  animals,  and  to  these 
substances  Buchner  and  Hankin  have  given  the  name  "  alexins  "  ; 
according  to  Buchner  and  Hankin  the  germicidal  action  of  serum 
is  due  to  the  presence  in  it  of  alexins.  Hankin,  finding  that 
there  is  some  relationship  between  the  number  of  leucocytes 
present  in  a  fluid  and  its  germicidal  value,  suggested  that  the 
alexins  are  formed  by  leucocytes. 

(ii.)  Specific  Properties.  —  Besides  the  possession  of  a 
general  bactericidal  action,  specific  properties  may,  by  suitable 
means,  be  imprinted  upon  the  blood-serum.  These  may  be 
directed  either  against  the  bacteria  themselves  or  against  the 
toxins  formed  by  those  bacteria.  Hence  a  serum  may  come  to 
contain  specific  antibacterial  or  specific  antitoxic  properties, 
and  though  these  properties  are  often  intimately  connected, 
they  must,  at  least  in  some  cases,  be  regarded  as  distinct.  Thus 
Wassermann,  working  with  B.  pyocyaneus,  found  that  there  is 
a  great  difference  in  the  properties  of  the  serum  yielded  by  an 
immunised  animal  according  as  it  has  been  immunised  with 
living  bacilli  or  with  toxin ;  though  the  animal  immunised  by 
means  of  toxin  yields  a  serum  possessing  both  antitoxic  and 
antibacterial  properties,  the  animal  immunised  with  bacilli 
yields  a  serum  which  only  possesses  antibacterial  properties. 
The  same  has  been  found  in  the  case  of  other  micro-organisms, 
so  that,  speaking  generally,  we  may  say  that  specific  antibacterial 
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properties  are  found  in  the  serum  of  immunised  animals  what- 
ever the  method  of  immunisation  adopted,  while  specific  antitoxic 
properties  are  only  found  in  the  serum  of  animals  in  the  im- 
munisation of  which  toxins  have,  directly  or  indirectly,  been 
used.  The  methods  whereby  these  specific  properties  are  con- 
ferred upon  sera  are  those  by  which  artificial  immunity  is 
conferred. 

Antibacterial  substances  show  many  similarities  with  the 
ferments ;  in  particular,  they  act  in  very  small  quantities,  are 
probably  not  destroyed  by  drying,  but  are  readily  destroyed  by 
heat,  exposure  to  a  temperature  of  55°  C.  for  half  an  hour  being 
sufficient.  They  play  an  important  part  in  the  production  of 
"  Pfeiffer's  phenomenon."  Antitoxic  substances  are  also  ferment- 
like, but  they  are  more  resistant  than  the  antibacterial  substances 
and  alexins.  They  can  be  dried  without  destruction,  and  they 
are  not  removed  if  the  serum  in  which  they  are  present  undergoes 
putrefaction.  According  to  Wassermann,  exposure  to  a  tempera- 
ture of  100°  C.  only  produces  a  moderate  reduction  in  their 
efficiency.  Antitoxic  substances  are  of  importance  in  that  they 
are  apparently  the  agents  by  which  specifically  curative  and 
preventive  sera  produce  immunity.  With  a  therapeutic  object 
a  number  of  specific  (antitoxic  and  antibacterial)  sera  has 
been  prepared,  amongst  which  the  most  important  are  those 
against  diphtheria,  tetanus,  streptococcus  infection,  and  pneu- 
monococcus  infection.  Both  kinds  of  anti-substance  are  to  be 
found  not  only  in  the  blood-serum,  but  to  a  greater  or  less 
degree  in  the  organs  and  tissues  of  immunised  animals. 

(iii.)  Pfeiffer's  Phenomenon. — The  appearance  known  as 
Pfeiffer's  phenomenon  consists  in  a  peculiar  alteration  of  the  mor- 
phological and  vital  properties  of  certain  bacteria  when  they  are 
brought  into  contact  with  fluids  containing  specific  antibacterial 
substances.  Pfeiffer  found  if  living  and  motile  cholera  vibrios  are 
introduced  into  the  peritoneal  cavity  of  an  artificially  immunised 
guinea-pig,  that  the  bacteria  very  rapidly  lose  their  motility, 
adhere  to  one  another,  forming  "  clumps,"  become  granular,  and 
in  the  course  of  a  short  time  disappear.  He  also  found  that 
similar  appearances  occur  under  corresponding  conditions  when 
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typhoid  bacilli  and  an  animal  immunised  against  typhoid  are 
used.  It  was  these  experiments  which  led  him  to  the  recogni- 
tion of  the  existence  of  specific  antibacterial  substances  in  the 
fluids  of  immunised  animals.  Bordet  investigated  the  point 
further,  and  found  that  the  same  phenomenon  can  be  obtained 
in  the  test-tube  if  specific  immunising  serum  is  added  to  a  broth 
culture  of  the  corresponding  micro-organism.  It  may  also  be 
observed  microscopically  in  the  hanging  drop.  But  in  vitro  the 
phenomenon  does  not  go  on  to  the  formation  of  granules  in 
the  bacteria,  nor  to  their  disappearance.  On  the  contrary,  after 
a  shorter  or  longer  time  (usually  about  twenty-four  hours)  the 
(dumps  break  up,  the  bacteria  resume  their  motility  and  they  com- 
mence to  multiply  as  they  would  have  done  in  ordinary  bouillon. 
Obviously,  then,  the  typhoid  or  cholera  serum  produces  some 
change  in  the  micro-  organisms  and  at  the  same  time  hinders  their 
development,  but  it  is  important  to  notice  that  the  serum  of  itself 
does  not  destroy  the  bacteria,  at  least  in  vitro.  This  property  is 
not  confined  to  the  serum  of  specifically  immunised  animals,  but 
may  be  seen  when  normal  serum  is  used.  Nevertheless  when 
the  specific  serum  is  used  the  phenomenon  is  still  recognisable 
if  the  serum  be  diluted  with  sterile  broth  to  an  extent  in  which 
non-specific  serum  is  without  effect.  In  the  case  of  typhoid 
serum,  a  dilution  of  1-2000  is  still  effective  (Patella).  The 
phenomenon  is  apparently  a  purely  physical  one,  for  Bordet 
showed  that  it  may  be  seen  when  red  blood-corpuscles  of  one 
species  of  animal  are  introduced  into  serum  of  another  species. 
The  phenomenon  is  not  absolutely  specific,  though  it  is  distinc- 
tive to  so  considerable  an  extent  that  Widal  and  Grunbaum 
severally  have  introduced  it  into  clinical  medicine  as  a  means 
for  the  diagnosis  of  typhoid  fever. 

VI.  Theories  of  Acquired  Immunity. — It  will  be  con- 
venient to  consider  the  principal  theories  of  acquired  immunity 
somewhat  historically. 

(i.)  The  Exhaustion  Theory. — Long  before  the  connection 
between  bacteria  and  infective  disease  had  been  fully  recognised, 
the  immunity  which  is  commonly  seen  after  an  attack  of  measles, 
scarlatina,  or  mumps  was  regarded  as  dependent  upon  the  complete 
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consumption  of  a  "  pabulum  "  by  the  "  materies  morbi."  When 
it  was  found  that  artificial  cultivations  of  micro-organisms  whose 
growth  has  come  to  an  end  may  again  take  on  growth  after  the 
further  addition  of  some  one  constituent  {e.g.,  peptone),  which  had 
lessened  during  the  previous  growth,  the  exhaustion  theory  of 
acquired  immunity  was  held  as  strengthened.  But  not  only  was 
there  the  objection  that,  on  this  view,  a  separate  "  pabulum " 
would  be  necessary  for  the  occurrence  of  each  infective  disease, 
there  was  the  further  objection  that,  though  second  attacks  of 
infective  diseases  such  as  measles  or  scarlatina  are  rare,  they  are 
by  no  means  unknown.  In  these  exceptional  cases  an  additional 
hypothesis  was  necessary  to  explain  the  re-formation  of 
"  pabulum."  The  theory  was  finally  discarded  when  the  possi- 
bility of  artificial  immunisation  by  gradual  injection  of  toxic 
products — apart  from  micro-organisms — was  demonstrated  by 
Salmon  and  Smith,  for  consumption  of  pabulum  by  dead  chemical 
substances  was  inconceivable. 

(ii.)  The  Retention  Theory. — Pasteur  had  found  that  the 
cessation  of  growth  in  a  cultivation  of  Saccharomyces  cerevisice  is 
to  be  correlated  with  accumulation  in  the  culture  of  the  alcohol 
formed  by  the  micro-organisms  as  the  result  of  their  life  history. 
Guided  by  this  fact  Chauveau  and  others  suggested  that  acquired 
immunity  is  due  to  storage  in  the  body  of  bacterial  products 
which  prevent  further  growth  of  that  variety  of  bacterium  which 
produced  them,  though  they  may  not  prevent  the  growth  of  other 
bacteria.  An  important  objection  to  this  theory  lies  in  the  fact 
that  acquired  immunity  is  often  of  long  duration,  whereas  the 
bacterial  toxins,  upon  the  accumulation  of  which  in  the  system 
the  acquired  immunity  is  supposed  to  depend,  are  not  retained 
for  an  indefinite  length  of  time  in  the  body  but  are  gradually 
excreted,  and  in  many  instances  can  readily  be  detected  in  the 
urine.  Though  the  retention  theory  of  immunity  is  no  longer 
held — at  all  events  in  this  crude  form — it  is  certainly  nearer  the 
truth  than  the  exhaustion  theory. 

(iii.)  The  Phagocytic  Theory. — This  theory  is  bound  up 
with  the  name  of  Metchnikoff  and  was  gradually  evolved  by  him 
from  his  researches  upon  inflammation.    Metchnikoffs  special 
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training  as  a  zoologist  has  influenced  his  whole  conception  of 
the  processes  of  inflammation  and  immunity.  Finding  the 
phenomenon  of  phagocytosis  in  the  highest  as  in  the  lowest 
members  of  the  animal  kingdom,  and  finding  that  the  means 
whereby  a  lowly  organism  defends  itself  against  an  irritant — 
physical  or  bacterial — consists  essentially  in  phagocytosis,  he  has 
argued  that  the  phagocytosis  seen  in  higher  animals  when 
subjected  to  the  action  of  an  irritant  is  equally  a  means  of  de- 
fence. So  that,  according  to  Metchnikoff,  immunity  to  a  disease 
implies  that  the  phagocytes  of  the  infected  animal  are  able  to 
conquer  the  invading  bacteria,  susceptibility  to  a  disease  implies 
that  the  invading  bacteria  are  able  to  conquer  the  phagocytes. 

But  the  phagocytic  theory  now  held  by  Metchnikoff  differs 
considerably  from  the  phagocytic  theory  which  he  first  pro- 
pounded, and  according  to  which  there  was  a  veritable  combat 
between  leucocytes  and  bacteria.  For  attack  directed  from  the 
German  schools  and  advancing  knowledge  have  obliged  Metchni- 
koff to  assume  that  under  certain  circumstances  the  phagocytes 
become  dissolved  (phagolysis)  in  the  body  fluids,  and  lend  to 
them  chemical  properties  previously  residing  in  the  phagocytes 
alone.  Nevertheless,  he  still  maintains  that  the  phagocytes, 
chiefly  by  phagocytosis,  but  partly  by  phagolysis,  are  responsible 
for  immunity,  natural  and  acquired. 

Some  of  the  chief  objections  that  have  been  brought  forward 
against  the  phagocytic  theory  are  as  follows. 

(a)  When  a  micro-organism  is  found  within  a  cell,  it  is  not 
proof  that  phagocytosis  has  occurred,  for  the  appearances  are 
equally  explicable  upon  the  assumption  that  the  micro-organism 
has  invaded  the  cell.  In  particular,  in  leprosy  the  bacilli  are 
always  found  within  cells,  and  the  same  is  true  of  the 
gonococcus. 

(b)  Phagocytosis  bears  no  necessary  relation  to  the  course 
taken  by  an  infection  or  to  the  immunity.  It  is  often  very 
evident  when  the  immunity  is  so  slight  that  infection  leads  to 
death  of  the  animal ;  this  may  readily  be  seen  in  the  case  of 
subcutaneous  inoculation  of  the  guinea-pig  with  diphtheria,  and 
clinically  in  pyaemia. 
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(c)  Phagocytosis  is  least  evident  when  the  micro-organism  is 
most  virulent,  and  when,  therefore,  the  need  of  defence  is 
greatest,  and  on  the  other  hand  phagocytic  cells  are  usually 
most  numerous  and  englobation  of  micro-organisms  most 
common  when  the  micro-organisms  are  of  low  virulence,  and 
especially  when  large  numbers  of  the  bacteria  are  dead.  The 
opponents  of  Metchnikoff,  therefore,  maintain  that  phagocytosis 
only  occurs  when  the  bacteria  are  dead  or  dying ;  the  phagocytes 
are  "  scavengers,"  not  "  defenders." 

To  this  criticism  Metchnikoff  replied  that  phagocytes  can 
englobe  living  and  fully  virulent  anthrax  bacilli.  He  isolated  in 
a  hanging  drop  a  single  phagocyte  containing  within  it  a  filament 
from  a  culture  of  anthrax,  the  virulence  of  which  had  been  deter- 
mined. This  hanging  drop  he  watched  microscopically  on  the 
warm  stage,  and  observed  the  filament  of  anthrax  grow  within 
the  phagocyte,  pass  beyond  its  confines,  and  multiply  within 
the  hanging  drop.  Tested  on  an  animal,  this  drop  cultivation  of 
anthrax  was  equal  in  virulence  to  the  original  culture.  Though 
this  experiment  proves  that  a  micro-organism  may  still  be  living 
when  within  a  phagocyte,  it  proves  nothing  with  regard  to  viru- 
lence. For  it  is  known  that  unless  a  micro-organism  (and 
especially  B.  anthracis)  has  been  artificially  attenuated  through- 
out many  generations,  it  readily  regains  its  former  virulence. 
Hence  the  phagocyte  may  have  englobed  a  feeble  bacillus,  but 
yet  that  bacillus  may  have  produced  fully  virulent  descendants. 
The  absence  of  phagocytosis  when  the  invading  micro-organism 
is  highly  virulent,  Metchnikoff  explained  by  the  occurrence  of 
negative  chemiotaxis,  and  correlated  the  absence  of  phagocytosis 
with  the  absence  of  resistance  to  the  infection. 

(d)  Destruction  of  bacteria  occurs  in  fluids  (such  as  blood- 
serum)  from  which  phagocytes  are  completely  absent.  Around 
this  question  of  extra-cellular  destruction  of  bacteria  controversy 
has  been  very  keen,  for  it  is  obvious  that  with  it  the  phagocytic 
theory — in  its  original  form,  at  least — either  stands  or  falls. 
Liakhovetsky  showed  that,  when  the  cornese  of  dogs  are  inocu- 
lated with  anthrax  bacilli,  the  microbes  are  invariably  destroyed 
without  any  share  being  taken  in  the  process  by  the  leucocytes 
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as  phagocytes.  In  rabbits,  also,  this  is  true  in  a  large  number 
of  cases,  and  especially  in  rabbits  that  have  previously  been 
treated  with  increasing  doses  of  bacilli,  with  the  object  of  obtain- 
ing a  high  degree  of  immunity.  Liakhovetsky's  results  agree 
closely  with  those  of  Leber  on  infection  of  the  eye  with  strepto- 
cocci, and  those  of  Pfeiffer  on  intra-peritoneal  inoculation  of 
typhoid  and  cholera  micro-organisms  in  guinea-pigs  artificially 
immunised  against  these  diseases. 

Metchnikoff  was  bound  to  acknowledge  the  existence  of  this 
extra-cellular  destruction  of  bacteria,  nevertheless  he  still  sought 
to  associate  the  fact  with  the  presence  of  leucocytes.  He  as- 
sumed that  the  activity  of  the  cell-free  fluids  depends  upon 
"  phagolysis  "  or  solution  of  phagocytes  in  the  fluid.  He  argued 
that,  since  intra-cellular  destruction  or  digestion  of  bacteria  by 
phagocytes  must  depend  upon  the  presence  within  the  cell  of 
chemical  digestive  substances,  it  is  readily  intelligible  that  when 
the  phagocytes  are  dissolved,  the  chemical  digestive  substances 
are  set  free,  and  can  induce  extra-cellular  destruction  of  bacteria 
present  in  the  fluid.  He  adverts  to  Bordet's  work,  which  shows 
that  the  fluid  of  passive  oedema  (from  which  leucocytes  have 
practically  always  been  absent)  and  aqueous  humour  (which  is 
entirely  cell-free),  obtained  from  a  guinea-pig  artificially  im- 
munised to  cholera,  are  markedly  less  bactericidal  than  the 
blood-serum  of  the  same  animal.  So  also  Bordet  showed  that  if 
liypo-leucocytosis  be  induced  by  intra- vascular  injection  of  finely 
divided  carmine,  the  blood-serum  of  an  immunised  animal  is 
markedly  less  bactericidal  than  it  was  before  hypo-leucocytosis 
was  induced.  These  observations,  Metchnikoff  believes,  justify 
him  in  maintaining  that  immunity  ultimately  depends  upon  the 
leucocytes,  whether  those  leucocytes  act  by  way  of  intra-cellular 
destruction  (phagocytosis)  or  extra-cellular  destruction  (phago- 
lysis). 

(e)  Even  if  it  be  granted  that  phagocytosis  is  the  means  of 
defence  for  lowly  organisms,  it  does  not  follow  that  this  is  true 
for  higher  animals.  This  criticism  has  gained  in  weight  since 
the  wandering  cells  in  different  animals  have  been  more  care- 
fully studied.    For  a  greater  variety  of  wandering  cell  is  found 
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in  higher  members  of  the  animal  kingdom,  and  though  in  lower 
animals  several  different  functions  may  be  carried  out  by  one 
kind  of  cell,  it  is  possible  that  in  higher  animals  there  is  sub- 
division of  labour.  If  that  be  so,  phagocytosis  would  not 
necessarily  have  the  same  significance  in  both  classes,  and  in 
particular  defence  and  phagocytosis  might  have  nothing  to  do 
with  one  another.  Certain  authors  have  considered  that  in 
those  animals  which  possess  wandering  cells  with  oxyphil 
granules,  these  cells  are  especially  concerned  with  defence,  the 
granules  being  secreted  by  the  wandering  cells,  and  consisting 
of  a  substance  injurious  to  bacteria.  This  view  derives  some 
support  from  the  fact  that  in  such  animals  either  finely  or 
coarsely  granular  oxyphil  cells  are  almost  invariably  the  first 
to  arrive  at  the  seat  of  invasion  by  a  micro-organism. 

(/)  Since  the  symptoms  of  an  infective  disease  are  essentially 
due  to  the  effects  produced  by  the  action  of  a  toxin,  it  follows 
that  no  theory  which  does  not  explain  the  neutralisation  of  toxin 
produced  by  a  pathogenetic  micro-organism,  as  well  as  the 
actual  destruction  of  the  bacteria  themselves,  can  be  satisfactory. 
Especially  is  this  the  case  now  that  it  is  known  that  an  acquired 
immunity  can  be  produced  by  injection  of  increasing  doses  of 
toxins  alone.1  Metchnikoff  endeavoured  to  meet  this  objection 
by  assuming  that  the  gradually  increasing  doses  of  toxin  used  in 
such  a  method  of  immunisation  gradually  "  educate  "  the  leuco- 
cytes. Hence  in  time,  and  by  a  survival  of  the  fittest,  a  race  of 
leucocytes  is  produced  which  is  capable  of  withstanding  the 
toxin  produced  even  by  virulent  and  living  bacilli, — leucocytes, 
therefore,  in  which  the  strong  toxin  does  not  lead  to  negative 
chemio taxis  as  it  would  have  done  had  they  been  untrained. 
Since,  however,  this  explanation  only  amounts  to  asserting  that 
the  leucocytes  have  acquired  immunity,  it  cannot  be  regarded  as 
an  answer  to  the  objection. 

(iv.)  The  Humoral  Theory  — When  it  was  found  by  Fodor, 
and  had  been  confirmed  by  Nuttall,  Buchner,  and  other  observers, 
that  bactericidal  properties  reside  in  many  fresh  specimens  of 

1  MetchnikofT  formulated  the  phagocytic  theory  before  this  discovery  was  made 
by  Salmon  and  Smith. 
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blood-serum,  and  when  Buchner  and  Hankin  isolated  their  so- 
called  "  alexins,"  it  was  thought  that  immunity,  natural  and 
acquired,  might  depend  upon  the  presence  of  these  substances  in 
the  blood.    But  this  was  soon  found  not  to  be  the  case : 

1.  Because  in  a  large  majority  of  cases  the  serum  of  an  animal 
naturally  immune  to  a  particular  infection  does  not  possess  any 
special  bactericidal  value  against  the  micro-organism  causing 
that  disease.  Thus  the  frog  is  naturally  immune  to  anthrax  and 
the  hen  to  tetanus,  but  the  normal  blood- sera  of  these  animals 
show  only  feeble  bactericidal  power  against  the  corresponding 
micro  -organism. 

2.  Because  a  powerfully  immunising  serum  may,  outside  the 
body,  be  a  highly  favourable  culture-medium  for  the  same  micro- 
organism which,  by  its  aid,  is  readily  destroyed  in  the  body. 
Thus  diphtheria  bacilli  grow  readily  on  serum  obtained  from  an 
animal  artificially  immunised  against  diphtheria  by  injection  of 
increasing  doses  of  diphtheria  toxin. 

3.  Because  the  serum  of  an  animal  naturally  immune  to  a 
particular  disease  does  not  confer  passive  immunity  when 
injected  into  a  susceptible  animal. 

4.  Because  without  any  alteration  (or  with  but  slight  altera- 
tion) of  bactericidal  properties,  as  evidenced  in  vitro,  the  serum 
of  an  animal  naturally  immune  to  a  particular  infection  may  be 
caused  to  acquire  properties  which  enable  it  to  confer  passive 
immunity  when  injected  into  a  susceptible  animal. 

The  last  two  statements  are  supported  by  the  following 
experimental  data.  F.  Klemperer  found  that  the  serum  of 
rabbits  which  are  naturally  immune  to  B.  murisepticus  and  B. 
pneumonias  (Friedlander)  does  not  protect  susceptible  animals, 
but  that  it  may  be  rendered  protective  against  the  corresponding 
disease  if  the  rabbit  be  subjected  to  increasing  doses  of  either  of 
these  bacilli  previous  to  the  removal  of  its  blood.  Vaillard 
showed  that  though  the  serum  of  the  hen,  which  is  naturally 
immune  to  tetanus,  cannot  confer  passive  immunity  to  tetanus 
when  injected  into  animals  susceptible  to  that  disease,  it  becomes 
capable  of  doing  so  if  the  hen  has  been  previously  injected  with 
increasing  (and  enormous)  doses  of  tetano-toxin. 
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It  was  obvious,  therefore,  that  a  purely  humoral  theory  of  this 
description  is  insufficient,  that  natural  immunity  cannot  be 
explained  by  the  presence  of  "  alexins  "  in  the  blood  nor  acquired 
immunity  by  an  increase  in  the  amount  of  those  "  alexins." 

(v.)  The  Cellulo-Humoral  Theory. — In  one  or  other  form 
this  theory  of  acquired  immunity  has  the  greatest  number  of 
adherents  at  the  present  day.  According  to  it,  the  immunity  is 
indeed  due  to  substances  which  are  present  in  the  blood  of  the 
immunised  animal  and  are  recognisable  in  the  blood-serum,  but 
they  are  not  present  there  alone,  since  they  exist  in  all  the 
tissues  and  juices.  These  substances  are  considered  as  being 
formed  by  the  cells  of  the  body  during  exposure,  and  for  a  longer 
or  shorter  period  after  cessation  of  exposure,  of  those  cells  to  the 
stimulus  of  the  specific  micro-organism  or  its  toxin ;  they  are 
not  formed  by  one  specific  variety  of  cell,  whether  phagocyte 
(Metchnikoff)  or  oxyphil  cell  (Buchner,  Rankin),  but  in  greater 
or  less  degree  all  varieties  of  cells  combine  to  produce  them. 
The  protective  substances  being  present  in  the  fluids  of  the  body, 
they  act  upon  the  bacteria  and  their  toxins  in  the  fluids  of  the 
body,  i.e.,  the  processes  of  acquired  (and  passive)  immunity  are 
essentially  extra-cellular.  Hence  on  this  theory,  though  acquired 
immunity  ultimately  depends  upon  the  functional  activity  of 
cells,  these  cells  do  not  act  as  phagocytes  (this  being  quite  an 
unimportant  phenomenon  so  far  as  immunity  is  concerned)  but 
rather  as  secreting  organs,  which,  according  as  they  have  been 
stimulated  by  bacteria,  produce  specific  antibacterial  substances, 
or  as  they  have  been  stimulated  by  toxins,  produce  specific  anti- 
toxic (and  antibacterial)  substances. 

The  cellulo-humoral  theory  accords  well  with  certain  observed 
facts.  It  explains  acquired  immunity  both  to  toxins  and  to 
bacteria,  however  that  immunity  is  produced ;  to  toxins,  because 
it  has  been  found  that  the  amount  of  antitoxic  substance  pro- 
duced (the  antitoxic  value  of  the  serum)  varies  within  rough 
limits  directly  as  the  amount  of  toxin  used  for  the  production  of 
the  immunity  (Eoux) ;  to  bacteria,  partly  because  it  has  been 
found  that  in  the  animal  body  antitoxic  substances  are  associated 
with  destruction  of  the  bacteria  for  which  they  are  specific, 
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partly  because,  if  the  acquired  immunity  be  produced  by  the  aid 
of  bacteria,  it  has  been  found  that  specific  antibacterial  sub- 
stances are  present  in  the  serum  of  the  immunised  animal. 
It  explains  in  the  simplest  way  those  cases  in  which  destruction 
of  bacteria  takes  place  in  the  animal  body  without  the  obvious 
intervention  of  leucocytes,  and  those  cases  in  which  immunity  is 
absent  or  relatively  slight  in  spite  of  the  fact  that  leucocytes  are 
present  in  great  numbers  at  the  seat  of  infection.  It  explains 
the  possibility  of  passive  immunity ;  for  since  the  "  anti-  sub- 
stances "  to  a  given  infection  are  present  in  the  blood-serum  of 
an  animal,  actively  immunised  by  whatever  means  to  that  infec- 
tion, transference  of  the  blood-serum  to  a  susceptible  animal 
implies  transference  of  the  anti-substances  and  transference  with 
them  of  the  protective  and  curative  properties  which  are  bound 
up  with  those  anti- substances.  It  explains  in  the  same  way  the 
transmission  of  immunity  from  mother  to  child,  whether  through 
the  placental  circulation  or  through  the  milk.  It  explains  the 
rapid  loss  of  passive  and  of  transmitted  immunity  ;  for  since  the 
cells  of  the  body  only  form  specific  anti-substances  when  they 
have  been  stimulated  thereto  by  specific  toxin  or  bacteria,  and 
this  condition  is  absent  in  passive  and  in  transmitted  immunity, 
the  amount  of  anti-substance  in  the  recipient  of  the  serum  is  not 
undergoing  constant  renewal,  but  on  the  other  hand  is  undergoing 
constant  loss  owing  to  its  removal  in  the  excretions. 

But  even  if  we  accept  the  cellulo-humoral  theory  there  are 
difficulties  with  regard  to  acquired  immunity  which  are  still 
unexplained.  Why  do  toxins  and  bacteria,  which  are  present  in 
an  animal  for  a  limited  time  only,  cause  the  cells  of  that  animal 
to  produce  specific  anti-substances  for,  it  may  be,  scores  of  years  ? 
why  are  the  sera  specific  ?  how  do  the  anti-substances  produce 
immunity  ?  what  is  the  origin  of  the  anti-substances  ?  is  the 
recipient  of  the  serum  in  "  passive  "  immunity  a,  passive  agent,  or 
do  his  cells  play  a  part  in  determining  the  occurrence  of  immuni- 
sation in  him  ?  if  phagocytosis  is  unimportant,  so  far  as  immunity 
is  concerned,  why  is  it  so  commonly  observed  in  association 
with  processes  of  immunisation  ?  These  are  all  questions  of 
moment,  and  to  them  a  few  words  will  now  be  devoted ;  ques- 
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tions  which  are  at  present  only  of  speculative  interest  will  be 
neglected. 

The  Specificity  of  Sera. — It  is  generally  accepted  that  acquired 
immunity  is  specific,  that  is  to  say,  an  immunity  conferred  by 
one  or  other  method  obtains  only  against  the  particular  micro- 
organism which,  or  the  toxin  of  which,  has  been  used  in 
conferring  the  immunity.  So  that,  for  example,  an  animal 
immunised  against  diphtheria  is  not  at  the  same  time  immunised 
against  tetanus  or  vice  versa. 

Conversely,  a  given  bacterium  or  its  toxin  can  only  confer 
immunity  against  itself.  For  a  short  time  there  was  doubt  on 
this  point  raised  by  experiments  made  by  Klein  and  supported 
by  others  made  by  Sobernheim  and  by  Hueppe.  Klein  believed 
that  he  had  obtained  an  immunity  against  cholera  by  injections 
of  B.  pyocyaneus,  B.  prodigiosus,  and  a  variety  of  other  micro- 
organisms, an  immunity  against  B.  prodigiosus  by  injection  of 
B.  pyocyaneus,  an  immunity  against  B.  pyocyaneus  by  injection 
of  B.  prodigiosus,  and  so  on.  But  since  the  peritoneal  cavity  was 
the  seat  of  inoculation  throughout  Klein's  experiments,  there  is 
no  doubt  that  Pfeiffer's  observation  that  the  preceding  inocu- 
lation leads  to  a  leucocytosis  is  the  real  explanation  of  the 
apparent  immunity.  We  have  here,  indeed,  a  special  example 
of  local  immunity  or  increased  non-specific  resistance.  Kan- 
thack  and  Wesbrook  also  repeated  Klein's  experiments  and 
showed  that,  though  a  certain  amount  of  immunity  is  conferred 
by  injection  of  B.  prodigiosus  against  B.  pyocyaneus,  and  vice 
versa,  the  immunity  is  neither  so  pronounced  nor  so  lasting  as 
when  the  same  micro-organism  is  used  for  immunisation  and  for 
testing  immunity. 

But  though  immunity  is  specific  and  in  many  cases  specific  to  a 
remarkable  extent,  it  is  not  quite  exclusive.  For  instance,  many 
varieties  of  vibrio  are  associated  with  Asiatic  cholera,  and  though 
in  many  cases  immunity  conferred  on  animals  by  one  variety  is 
only  shown  to  inoculations  with  that  variety,  this  is  not  always 
the  case  ;  for  often  a  certain  amount  of  interchangeability  exists, 
though  the  highest  degree  of  immunity  conferred  by  any  par- 
ticular variety  of  vibrio  is  shown  against  inoculation  with  that 
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particular  variety.  This  specificity  of  sera  and  its  limitations 
are  well  seen  when  cultivations  of  the  vibriones  are  mixed  with 
immunising  sera  from  different  sources  in  testing  the  presence  or 
absence  of  Pfeiffer's  phenomenon. 

It  is  quite  unknown  how  this  reciprocity  between  specific 
bacteria  or  toxins  and  their  corresponding  antibacterial  or  anti- 
toxic substances  is  brought  about,  though  the  specificity  of  the 
sera  must  in  some  way  depend  upon  changes  induced  or  under- 
gone by  the  bacteria  and  their  toxins.  Some  authors  (Marmier, 
Smirnow,  Kruger,  and  others)  have  asserted  that  antitoxin  can  be 
directly  formed  from  toxin  by  the  action  of  electricity;  Eoux 
pointed  out  that  the  amount  of  antitoxin  formed  is  roughly  pro- 
portionate to  the  amount  of  toxin  used  for  producing  immunity ; 
Klein,  that  intra-peritoneal  injection  of  diphtheria  bacilli  free 
from  toxin  is  followed  by  the  formation  of  antitoxin  in  the 
animal ;  Dzierzgowski,  that  if  toxin  be  injected  into  a  certain 
part,  and  the  amount  of  antitoxin  in  that  part  be  estimated  a 
little  later,  there  is  a  local  accumulation  of  antitoxin.  All  these 
experiments  seem  to  indicate  that  the  anti-substances  are  formed 
by  conversion  of  the  bacteria  or  their  toxins,  and  no  doubt  if 
this  be  the  case  it  is  easier  to  comprehend  the  specificity  of 
immunity.  But  Eoux  showed  that  if,  during  active  immunisation 
of  an  animal  against  diphtheria,  the  animal  be  bled  and  the  anti- 
toxic value  of  its  serum  be  estimated,  and  if,  vnthout  any  inter- 
mediate injection  of  toxin,  the  animal  be  again  bled  a  little  time 
later,  the  antitoxic  value  of  its  serum  may  be  found  to  have  in- 
creased in  the  interval  between  the  two  venesections.  This  fact 
and  the  fact  that  acquired  immunity  persists  long  after  the 
specific  bacteria  and  their  toxins  have  completely  left  the  body, 
raise  doubt  whether  so  simple  an  explanation  of  the  specificity 
of  immunity  as  that  which  regards  it  as  being  due  to  the  con- 
version of  bacteria  and  bacterial  toxins  into  antibacterial  and 
antitoxic  substances  is  justifiable.  It  seems  far  more  probable 
that  we  may  have  here  an  example  of  the  much  debated  "  inheri- 
tance of  acquired  characteristics." 

Mode  of  Action  of  Anti-substances. — There  can  be  no  doubt, 
though  the  anti-substances  are  formed  through  the  agency  of  cells 
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that  the  substances  themselves  are  purely  chemical ;  hence  the 
immediate  mechanism  of  immunity  must  be  chemical  also,  though 
possibly  of  a  very  complicated  nature.  Behring  regarded  toxin 
and  antitoxin  as  neutralising  one  another  somewhat  after  the 
fashion  of  an  acid  and  an  alkali,  and  Ehrlich  has  recently  brought 
forward  evidence  in  favour  of  this  view.  He  finds,  for  example, 
that  exact  neutralisation  of  ten  times  the  minimal  fatal  dose  of 
diphtheria  toxin  can  be  obtained  so  long  as  the  dose  of  anti- 
diphtheritic  serum  which  is  necessary  to  neutralise  a  single 
minimal  fatal  dose  of  toxin  is  also  multiplied  by  ten.  The  same 
is  also  true  if  the  multiplier  in  each  case  be  one  hundred  instead 
of  ten.  If  these  corresponding  quantities  of  serum  and  of  toxin 
be  mixed  in  a  test-tube,  and  the  mixture  injected  into  a  normal 
guinea-pig,  the  animal  does  not  suffer  from  diphtheria.  He 
found  that  the  same  law  of  multiples  obtains  in  the  cases  of  abrin, 
ricin,  tetano-toxin,  and  their  corresponding  sera.  It  would  seem 
from  these  experiments  that  the  toxin  and  the  antitoxin 
neutralise  one  another,  with  the  formation  of  a  harmless 
substance. 

But  there  is  much  experimental  evidence  against  such  a  view. 
Buchner  found  that  a  mixture  of  tetano-toxin  and  anti-tetanic 
serum  which  is  harmless  for  the  white  mouse  is  not  harmless  for 
the  guinea-pig,  which,  on  the  contrary,  dies  from  tetanus.  Eoux 
and  Calmette  showed  that  snake  poison  is  not  directly  destroyed 
by  the  serum  of  immunised  animals.  If  they  heated  a  mixture 
of  poison  and  serum  which  was  without  action  in  the  animal 
body,  for  a  long  time  at  68°  C.,the  protective  power  of  the  serum 
was  neutralised,  but  the  poison  acted  as  vigorously  as  if  it  had 
never  been  in  contact  with  the  serum.  Perfectly  similar  results 
were  obtained  by  Wassermann  with  the  toxin  of  B.  pyocyaneus 
and  its  corresponding  serum.  After  boiling  a  mixture  of  the  two 
substances  which  was  harmless  to  animals,  the  protective  power 
of  the  serum  was  annihilated,  but  the  toxic  action  remained. 
Fresh  addition  of  serum  after  the  boiling  caused  the  toxic  action 
to  again  disappear,  which  shows  that  the  true  poison  of  pyo- 
cyaneus  was  present,  and  not  some  secondary  toxic  substance 
formed  by  boiling  the  poison  and  the  serum  together.    In  the 
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case  of  B.  pyocyaneus,  Wassermann  distinctly  found  that  the  doses 
of  toxin  and  of  serum  injected  into  an  animal  cannot  be  increased 
hd  libitum  without  harm  to  the  animal,  as  should  be  the  case  if 
the  poison  and  serum  produced  a  harmless  mixture,  and  as 
Ehrlich  asserts  is  the  case  with  diphtheria  toxin  and  anti- 
diphtheritic  serum.  Actually  Wassermann  never  succeeded  in 
rendering  more  than  six  times  the  minimal  fatal  dose  of  pyo- 
cyaneus  poison  harmless  in  the  body,  however  great  the  amount 
of  immunising  serum  he  injected  at  the  same  time. 

Wassermann  believes  that  the  case  is  even  more  strong  against 
the  conception  of  a  neutralising  action  on  the  part  of  the  anti- 
bacterial substances.  Even  when  the  dose  of  pyocyaneus  serum 
(which  contains  antibacterial  substances)  is  increased  out  of  all 
proportion  to  the  increase  in  number  of  bacilli  used  for  inocula- 
tion one  cannot  go  beyond  a  certain  point.  Thus,  though  -01 
c.c.  of  a  certain  immunising  serum  completely  destroyed  one 
platinum  loopful  of  a  living  culture  of  B.  pyocyaneus  in  the 
animal  body,  1  c.c,  or  a  hundred  times  the  amount  of  serum, 
could  not  produce  the  same  result  when  three  loopfuls  of  a 
living  culture  were  introduced  into  the  animal.  The  animal 
succumbed  in  spite  of  the  fact  that  it  still  contained  so  much 
immunising  serum  that  '2  c.c.  of  the  peritoneal  exudate  of  the 
dead  animal,  together  with  the  bacilli  which  that  exudation  con- 
tained, if  injected  into  a  fresh  animal,  not  only  killed  the  bacilli 
already  present  in  the  exudation,  but  also  a  further  half-loopful 
of  a  fresh  living  culture  in  addition.  Wassermann  explains  his 
results  by  assuming  that  the  antibacterial  and  the  antitoxic 
substances  act  by  inducing  a  reaction  on  the  part  of  the  cells 
of  the  animal  into  which  they  are  injected,  and  that  it  takes  a 
certain  length  of  time  for  the  reaction  to  be  brought  about. 
There  is  no  doubt  that  if  his  experiments  are  correct  (and  they 
are  so  important  as  to  need  repeated  corroboration  by  other 
observers)  they  constitute  a  formidable  obstacle  to  acceptance 
of  the  neutralisation  view. 

At  the  present  time,  therefore,  we  must  confess  to  complete 
ignorance  as  to  the  mode  in  which  the  antibacterial  and  anti- 
toxic substances  produce  immunity,  whether  the  immunity  be 
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active  or  passive.  Concerning  natural  immunity  we  are  if 
possible  more  in  the  dark.  Less  work  has  been  done  on  the 
subject,  and  it  can  only  be  said  that  the  alexin  theory  of 
Buchner  and  Hankin  and  the  phagocytic  theory  of  Metchni- 
koff,  both  of  which  have  been  put  forward  as  explanations,  are 
unsatisfactory. 

With  regard  to  the  part  played  by  phagocytosis  in  questions 
of  immunity,  it  is  possible  that  supporters  of  the  cellulo-humoral 
theory  have  been  too  exclusive.  It  is  certain  that  phagocytosis 
is  one  of  the  most  prominent  phenomena  accompanying  immuni- 
sation processes,  and  though  we  undoubtedly  meet  with  cases  in 
which  phagocytosis  is  absent  when  we  might  expect  it  present 
and  vice  versa,  we  are  far  from  understanding  the  underlying  con- 
ditions of  phagocytosis.  There  is  certainly  no  reason  to  hinder 
our  believing  that  phagocytosis  gives  the  coup  de  grdce  when  the 
antibacterial  and  antitoxic  substances  have  weakened  invading 
bacteria  by  altering  their  bodies  and  by  depriving  them  of  their 
great  weapon,  the  toxin.  It  is  not  unlikely  that  in  the  near 
future  the  theory  of  immunity  gaining  most  acceptance  will  be 
a  compromise  between  the  phagocytic  and  the  cellulo-humoral 
theories.  Already  Metchnikoff  has  taken  the  first  step  towards 
reconciliation. 

VII.  Latency  in  Infective  Disease. — It  has  long  been 
held  that  disease  may  sometimes  be  latent.  That  is  to  say, 
though  infection  has  been  received  at  a  certain  time,  the  mani- 
festation of  symptoms  of  the  disease  is  postponed  for  a  longer 
or  shorter  period.  Latency  of  disease  was  made  the  subject  of 
discussion  at  the  Eoyal  Medical  and  Chirurgical  Society  in  1896, 
and  clinical  instances  of  latency  in  tuberculosis,  in  syphilis,  in 
leprosy  were  brought  forward  by  different  speakers.  But  the 
difficulty  in  all  cases  of  latency  is  to  ensure  the  absence  of  any 
intermediate  but  unrecognised  infection,  so  that  the  best  examples 
of  latency  for  our  purpose  were  those  brought  forward  by  Dr 
Phineas  Abraham  and  occurring  in  leprosy.  Abraham  men- 
tioned the  case  of  a  man  who  became  leprous  forty  years  after 
his  last  exposure  to  the  disease.  During  this  period  of  forty 
years  the  man  had  resided  in  England  continuously  and  had 
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held  no  communication,  even  by  letter,  with  lepers  or  regions 
in  which  leprosy  is  endemic.  So  far  as  it  is  possible  to  ensure 
absence  of  intermediate  infection,  it  is  excluded  in  this  case,  and 
we  must  therefore  allow  that  leprosy  bacilli  were  introduced  into 
the  body  of  the  man  at  least  forty  years  before  he  manifested 
the  disease,  and  that  during  that  period  or  the  greater  part  of  it 
they  were  latent. 

Now  we  may  have  in  latency  a  special  form  of  incubation,  and 
though  an  incubation  period  of  forty  years  is  excessive  there 
is  no  theoretical  objection  to  its  possibility.  Upon  that  view 
the  infective  agent  must  have  been  multiplying  and  forming  toxin, 
though  the  amount  of  toxin  formed  was  insufficient  to  lead  to 
symptoms  over  all  that  period.  But  on  the  other  hand  it  is 
possible  that  though  the  micro-organisms  were  present  in  the 
body  of  the  man  they  were  in  an  inert  condition  :  their  develop- 
ment was  arrested,  but  they  remained  capable  of  growth.  We 
cannot  decide  between  these  two  possible  explanations,  but  it  is 
certain  that  the  latter  condition  can  be  observed  in  nature. 

In  the  disease  of  silkworms  known  as  "  pebrine,"  the  micro- 
organisms which  cause  the  disease  can  actually  be  seen  in  the 
eggs  laid  by  an  infected  moth.  In  spite  of  the  fact  that  the  eggs 
are  kept  under  conditions  by  no  means  unfavourable  to  the  growth 
of  the  micro-organism,  the  micro-organisms  in  the  eggs  do  not 
commence  to  develop  until  the  changes  occur  which  lead  to  the 
formation  of  a  caterpillar.  So  long  as  the  germ  of  the  caterpillar 
is  quiescent  the  micro-organisms  are  latent,  capable  of  develop- 
ment but  not  developing,  but  so  soon  as  that  especial  change  in 
their  environment  which  is  caused  by  the  formation  of  the  cater- 
pillar takes  place,  their  development  proceeds  apace.  Hence  the 
possibility  of  a  strict  latency  (as  distinguished  from  an  undue 
prolongation  of  incubation  period)  in  infective  disease  must  be 
allowed.  It  is  well  known  how  the  development  of  a  micro-organ- 
ism even  upon  artificial  media  is  influenced  by  minute  changes  in 
the  constitution  of  the  nutrient  medium,  and  it  is  quite  conceivable 
that  the  balance  between  the  micro-organism  on  the  one  hand, 
and  the  tissues  into  which  it  gains  entrance  on  the  other,  may 
at  times  be  such  that   the  micro-organism  neither  dies  nor 
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exercises  its  vital  functions,  but  remains,  so  to  speak,  in  a  state  of 
suspended  animation  and  capable  of  development  if,  at  any  time, 
the  opposing  force  exercised  by  the  tissues  becomes  lessened. 
In  this  connection  it  is  a  remarkable  fact  that  clinically 
"  latent "  disease  almost  always  becomes  manifest  at  a  time  when 
the  patient  has  been  subjected  to  depressing  conditions  of  some 
kind. 

VIII.  The  Pathology  of  Relapses. — A  relapse  is  said  to 
occur  when  a  patient,  during  convalescence  from  an  attack  of  an 
infective  disease,  again  suffers  from  a  fresh  attack  of  the  same 
disease ;  frequently,  however,  a  sudden  aggravation  of  receding 
symptoms  or  the  supervention  of  complications  is  designated  by 
the  same  term.  The  best  examples  of  relapses  are  seen  in 
relapsing  fever,  in  typhoid  fever,  and,  it  might  almost  be  said,  in 
the  successive  attacks  that  occur  in  malaria. 

The  explanation  of  relapses  is  by  no  means  easy.  That  the 
relapse  is  really  a  fresh  attack  of  the  disease  is  shown  by  the 
facts  that  in  each  relapse  of  relapsing  fever  the  micro-organism 
is  recognisable  in  the  blood,  though  in  the  intervals  it  cannot  be 
found,  while  the  symptoms  of  the  first  attack  are  repeated  in 
subsequent  attacks ;  that  what  has  just  been  said  for  relapsing 
fever  is  true  also  for  successive  ague-fits  in  malaria  (if  we 
include  successive  ague-fits  under  the  heading  of  relapses) ;  and 
that  in  typhoid  fever  a  relapse  is  ushered  in  by  the  same  char- 
acters of  the  patient's  temperature  as  are  found  in  the  initial 
attack,  while  all  the  phenomena  of  a  primary  attack,  including 
the  cutaneous  eruption,  may  be  observed. 

It  is  therefore  necessary  to  explain  not  only  re-infection  but 
also  re-infection  at  a  time  when,  by  our  conceptions  of  the 
reasons  which  lead  to  convalescence,  the  patient  has  acquired  a 
certain  degree  of  immunity.  The  re-appearance  of  symptoms 
obviously  depends  upon  the  fact  that  fresh  toxic  substances  are 
enabled  to  manifest  their  effects,  though  perhaps  the  cases  of 
relapsing  fever  and  malaria — in  which  it  is  not  known  that  toxic 
substances  are  formed — forces  us  to  add  to  the  words  "  fresh  toxic 
substances  "  the  words  "  fresh  micro-organisms."  The  differences 
that,  there  is  reason  to  believe,  obtain  between  the  modes 
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in  which  the  micro-organism  of  typhoid  fever  on  the  one  hand, 
and  those  of  relapsing  fever  and  malaria  on  the  other,  produce 
symptoms,  must  also  play  their  part. 

Now  in  typhoid  fever  Chiari  has  shown  conclusively  that  the 
typhoid  bacilli  gain  access  to  the  gall-bladder.  Out  of  22  con- 
secutive cases  of  this  disease  he  found  typhoid  bacilli  in  the  gall- 
bladder in  19,  and  in  15  of  these,  in  pure  culture.  In  13  of  the 
19  cases  in  which  there  was  a  positive  result,  the  gall-bladder 
was  inflamed,  showing  hyperemia,  cedema,  and  infiltration  of  its 
walls  with  small  cells.  These  conditions  are  such  that  we  can 
easily  conceive  the  bacilli  as  being  at  times  locked  up  in  the  gall- 
bladder, multiplying  there  and  forming  their  toxic  products,  but 
unable  to  find  an  exit  for  themselves  or  their  products  owing  to 
congestive  and  inflammatory  obstruction  of  the  cystic  duct.  If, 
then,  for  some  reason  the  duct  becomes  patent,  micro-organisms 
and  products  can  be  discharged  into  the  intestine.  But  under 
these  circumstances  the  dose  that  would  be  discharged  into  the 
intestine  would  be  relatively  very  large,  and  though  a  certain 
degree  of  immunity  to  typhoid  might  be  present  owing  to  the 
previous  attack,  it  might  not  be  sufficient  to  prevent  the  mani- 
festation of  symptoms  when  the  dose  injected  is  thus  large.  We 
have  an  exact  parallel  to  this  in  immunisation  experiments.  It 
is  a  matter  of  common  experience  that  during  the  immunisation 
of  an  animal,  e.g.,  the  horse  against  diphtheria,  injection  of 
an  excessive  dose  of  toxin  or  of  living  bacilli  can  lead  to  symp- 
toms of  the  disease  against  which  we  are  increasing  resistance, 
even  though  before  injection  of  the  excessive  dose,  the  serum  of 
the  animal  had  by  previous  treatment  attained  to  a  certain  and 
perhaps  a  high  immunising  value.  Nevertheless  such  an  explana- 
tion must  only  be  regarded  as  possible.  Many  of  the  conditions 
associated  with  relapses  are  unknown  and  others  are  so  obscure 
that  nothing  more  than  suggestions  can  at  present  be  offered. 

Note. — In  reference  to  the  dilution  of  "  typhoid  "  serum  and 
the  occurrence  of  agglutination  (p.  401),  Durham  announced  at 
the  Eoyal  Medical  and  Chirurgical  Society  (Jan.  11,  1898)  that 
he  had  found  a  highly  potent  serum  still  efficacious  in  a  dilution 
of  one  in  two  millions. 
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The  Pathology  of  Heat  Regulation. 


Synopsis. 


I.  General  Considerations. 

(i)  Heat  Production. 

(ii)  Heat  Loss. 

II.  Normothermia. 

(ij  Variations  in  Temperature 
Compatible  with  Nor- 
mality. 

(ii)  The  Means  whereby  Heat 

Regulation  is  carried 
out. 

(iii)  Metabolic  Changes  associ- 

ated with  Normal  Heat 
Production  :  the  Respi- 
ratory Quotient. 

III.  Hyperthermia. 

(i)  From  continued  Exposure 
to  High  External  Tem- 
perature, 
(ii)  From  Cerebral  Lesions, 
(iii)  Following  Administration 
of  certain  Drugs. 


IV.  Hypothermia. 

(i)  From  continued  Exposure 

to  Low  External  Tem- 
perature. 

(ii)  In   the  Course  of  Dis- 

ease. 

(iii)  Following  Administration 

of  Drugs. 

V.  Fever  or  Pyrexia. 

(i)  Characters  of  the  Tem- 

perature. 

(ii)  Anatomical  Changes  in 

Fever. 

(iii)  Functional    Changes  in 

Fever. 

(iv)  Metabolism  in  Fever, 
(v)  ^Etiology  of  Fever. 

(vi)  Antipyretics, 
(vii)  The  Theory  of  Fever, 
(viii)  The  Meaning  of  Fever  for 
the  Economy. 


I.  General  Considerations. — It  is  only  by  comparison  of 
the  abnormal  with  the  normal  that  a  proper  conception  of  any 
morbid  process  can  be  obtained,  and  in  the  case  of  heat  regulation 
this  course  is  especially  necessary.  For  in  the  first  place,  though 
abnormal  temperatures  are  often  associated  with  well-marked 
anatomical,  metabolic,  and  functional  changes  on  the  part  of  the 
patient,  yet  the  processes  of  pathological  heat  regulation  (con- 
sidered apart  from  such  changes  in  the  patient)  often  differ  from 
the  processes  of  physiological  heat  regulation  more  in  degree 
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than  in  kind;  and  in  the  second  place,  certain  of  the  variations 
in  heat  production,  heat  loss,  etc.,  consistent  with  health,  are 
themselves  so  wide  that  consideration  of  one  factor  alone,  even 
though  it  occurs  along  with  disease,  may  be  quite  insufficient  to 
determine  whether  that  factor  is  physiological  or  pathological. 

The  great  difference  between  cold-blooded  and  warm-blooded 
animals  consists  in  the  fact  that  whereas  the  internal  tempera- 
ture of  the  former  varies  with  the  temperature  of  the  medium 
in  which  they  are  placed,  the  temperature  of  the  latter  practi- 
cally remains  constant,  in  spite  of  wide  variations  of  the  external 
temperature.  Hence  regulation  of  internal  temperature — as  we 
understand  the  term — only  obtains  in  warm-blooded  animals; 
and  with  these  alone,  unless  definite  statement  to  the  contrary 
is  made,  we  shall  be  concerned  in  the  following  pages. 

The  fact  that  in  cold-blooded  animals  the  nervous  system  is 
of  a  lower  order  than  it  is  in  warm-blooded  animals,  of  itself 
suggests  that  the  nervous  system  plays  a  part  in  determining 
the  difference  between  their  methods  of  reaction  to  variations 
in  external  temperature,  and  this  suggestion  is  supported  by 
experimental  and  clinical  evidence ;  for  lesions  of  the  brain  and 
spinal  cord  in  warm-blooded  animals  can  be  followed  by  altera- 
tions of  temperature,  and  in  particular  by  an  approximation  of 
the  warm-blooded  animal,  so  far  as  reaction  to  changes  in 
external  temperature  is  concerned,  to  the  cold-blooded  type. 
The  nervous  system  may  be  concerned  with  heat  regulation  in 
several  ways,  direct  and  indirect,  and  to  these  reference  will  be 
made  later. 

(i.)  Heat  Production  or  Thermogenesis.  —  Since  the 
chemistry  of  life  so  largely  consists  in  the  breaking  down  of 
complex  into  simpler  molecules  and  in  the  oxidation  of  these, 
during  both  of  which  processes  heat  is  set  free,  it  is  clear  that 
we  must  look  for  the  seats  of  heat  production  in  those  regions 
where  chemical  changes  of  these  natures  are  most  evident.  Of 
these  regions  the  muscles,  the  alimentary  canal,  and  the  glands 
are  of  most  importance. 

In  normal  life  and  upon  a  normal  diet  the  heat  produced 
ultimately  comes  almost  entirely  from  combustion  of  the  food 
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consumed.  Not  indeed  that  the  amount  of  heat  produced  can  be 
increased  indefinitely  by  augmenting  the  food  consumption,  for 
when  the  quantity  of  food  ingested  exceeds  a  certain  amount  it 
is  not  directly  broken  up,  but  is  stored  up  in  an  easily  oxydis- 
able  form  as  fat.  But  it  is  found,  when  neither  fat  is  being  laid 
on  nor  the  body  is  wasting,  that  the  total  heat  production  of  the 
body  in  a  given  time  as  measured  directly,  equals  the  sum  of 
the  heat  values  of  the  various  substances  consumed  during  the 
same  period  less  the  sum  of  the  heat  values  of  the  excreta  and 
unabsorbed  portions. 

The  heat  values  of  different  food- stuffs  have  been  determined 
by  a  number  of  authors  and  recently  with  great  precision  by 
Rubner.  According  to  Rubner  the  number  of  kilocalories 
yielded  by  the  classes  of  food-stuff  is  as  follows — 

1  gram  proteid  yields  4"1  kilocal.  (gross1)  and  3*2  kilocal.  (net1). 

1  gram  fat  yields  9'3      ,,         ,,        ,,    8*4     ,,  ,, 

1  gram  carbohydrate  yields  4 "1  ,,    3"8     ,,  ,, 

From  these  values  the  heat  value  of  any  diet  may  be  determined. 
Thus  an  ordinary  diet  for  an  adult,  consisting  of  120  gm.  proteid, 
60  gm.  fat,  500  gm.  carbohydrate,  yields  the  following  amount  of 
available  heat — 

120  grams  proteid  x  4'1  =    492*0  kilocal. 

60  grams  fat  x  9*3  =    558 '0  ,, 

500  grams  carbohydrate     x  4'1  =  2050  "0  ,, 

3100-0  kilocal. 

(a)  Heat  Production  in  Muscle. — We  know  that  the  con- 
traction of  a  muscle  is  associated  with  the  formation  of  C02  2 
and  of  various  nitrogenous  and  other  substances  less  complex 
than  proteid,  and  we  might  therefrom  conclude,  what  we  know  on 
other  grounds  to  be  a  fact,  that  the  muscles  are  a  seat  of  heat 
production.    Though  a  muscle,  considered  as  a  machine  convert- 

1  The  gross  values  are  those  yielded  by  complete  combustion  of  the  given  sub- 
stance, but  in  the  case  of  proteid  the  value  given  (4*1)  is  that  of  the  heat  value 
less  the  heat  value  of  the  urea,  uric  acid,  ammonia,  etc. ,  that  are  formed  ;  if  these 
be  not  deducted  the  heat  value  of  proteid  is  5*5  kilocalories.  The  net  values  are 
those  which  are  physiologically  produced  after  all  deductions  for  non-absorption, 
etc.,  have  been  made.  A  calorie  =  the  amount  of  heat  necessary  to  raise  the 
temperature  of  1  gram  of  water  1°  C.  ;  a  kilocalorie  is,  of  course,  one  thousand 
times  that  amount. 

2  See  note,  p.  125. 
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ing  potential  energy  into  work  and  heat,  is  more  economical  than 
the  best  devised  steam-engine,  yet  at  a  low  computation  four- 
fifths  of  the  potential  energy  set  free  in  causing  a  contraction  is 
given  out  as  heat.  The  large  proportion  of  the  body  weight 
which  is  formed  by  the  muscles,  and  the  constancy  with  which 
muscular  contraction  is  going  on  even  during  rest,  indicates  that 
the  muscles  must  be  a  highly  important  seat  of  heat  formation. 
It  has  been  calculated  by  different  observers  that  the  total  heat 
produced  by  the  heart  during  the  twenty-four  hours  may  amount 
to  100-300  kilocalories.  Since  Helmholtz  estimated  the  total 
heat  loss  from  the  clothed  surface  of  an  adult  in  twenty-four 
hours  as  about  2700  kilocalories,  it  is  obvious  that  the  heat 
produced  by  heart  action  alone  can  cover  a  not  inconsiderable 
portion  of  that  loss. 

(b)  Heat  Production  in  Glands. — Concerning  heat  produc- 
tion in  glands  we  are  more  uncertain,  for  though  there  is 
no  doubt  that  in  glands  many  complex  and  extensive  chemical 
processes  are  going  on,  yet  in  some  of  these,  especially  those 
which  are  synthetical,  heat  must  be  absorbed.  Hence  it  is 
difficult  to  say  on  which  side  the  balance  will  be.  Nevertheless 
both  Ludwig  and  Claude  Bernard  asserted  that  the  submaxillary 
saliva  of  the  dog  is  warmer  than  the  blood  in  the  carotid,  and 
Grijns  found  that  the  urine  immediately  on  its  arrival  in  the 
pelvis  of  the  kidney  is  hotter  than  the  blood  in  the  aorta.  The 
fact,  too,  that  the  temperature  of  blood  in  the  hepatic  vein  of  the 
dog  (38'40-39'7°)  is  higher  than  that  of  the  blood  in  the  portal 
vein  (38°-39°)  argues  for  the  production  of  heat  in  the  liver. 
Bayliss  and  Hill,  however,  have  recently  (1894)  reinvestigated 
the  subject  and  failed  to  find  evidence  of  any  formation  of  heat 
in  the  salivary  glands  by  any  known  method  of  measuring 
variations  in  temperature.  This  result  no  doubt  depends  upon 
the  small  size  of  the  glands  and  the  rapidity  of  their  circulation. 

(c)  Heat  Production  in  the  Alimentary  Canal.  —  It  must 
clearly  be  recognised  that  the  heat  produced  in  the  alimentary 
canal  is  only  one  portion  of  the  heat  yielded  by  the  food.  For 
though  disintegration  of  food  occurs  during  the  processes  of 
digestion  in  the  alimentary  canal,  the  final  disintegration  takes 
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place  in  the  tissues  of  the  body  generally  and  in  the  muscles  in 
particular.  When,  therefore,  it  was  said  above  that  "  the  heat 
produced  comes  from  the  food  consumed  "  it  must  not  be  under- 
stood that  changes  of  the  food  in  the  alimentary  canal  alone  are 
meant,  but  rather  changes  which  go  on  in  various  parts  of  the 
body  until  the  complex  "  food  "  has  been  reduced  by  this  tissue 
and  that,  to  its  lowest  form.  A  large  proportion  of  the  heat 
produced  in  the  alimentary  canal  is,  of  course,  produced  in  the 
muscles  which  are  connected  with  this  tract.  A  certain  amount 
of  heat  is  no  doubt  produced  by  the  fermentative  and  other 
changes  undergone  by  the  food  in  the  alimentary  canal  as  the 
result  of  bacterial  action,  but  of  this  we  have  as  yet  no  measure. 

(ii.)  Heat  Loss  or  Thermolysis.' — The  principal  seat  of 
heat  loss  is  the  skin,  which,  being  normally — except  in  the 
tropics — of  a  higher  temperature  than  the  surrounding  air, 
constantly  gives  up  heat  by  conduction  and  radiation.  In  those 
animals  in  which  sweat  glands  are  well  developed,  the  heat  lost 
by  evaporation  is  of  equal  if  not  of  greater  importance.  Heat 
is  also  lost  to  the  body  by  respiration,  for  the  air  which  enters 
the  lungs  is — again  except  in  the  tropics,  and  under  extra- 
ordinary circumstances — cooler  than  that  which  leaves  them, 
and  the  difference  is  supplied  by  the  heat  of  the  body.  Since 
expired  air  is  almost  completely  saturated  with  moisture,  evapora- 
tion from  the  respiratory  tract  also  plays  an  important  part  in 
thermolysis.  The  amount  of  heat  lost  by  respiration,  like  the 
amount  lost  by  radiation  and  conduction  from  the  skin,  no  doubt 
varies  inversely  with  the  external  temperature,  so  long  as  that 
temperature  is  lower  than  the  temperature  of  the  animal.  Of 
the  total  heat  lost  by  the  body  it  has  been  estimated  that  about 
80  per  cent,  is  lost  by  the  skin  and  about  20  per  cent,  by  the 
lungs.  Such  loss  as  is  due  to  warming  of  ingested  food,  to  heat 
lost  along  with  faeces  and  urine,  is  relatively  so  small  that  it 
may  be  entirely  neglected. 

II.  Normothermia. — (i.)  Variations  in  Temperature 
Compatible  with  Normality. — The  heat  produced  in  the 
muscles,  etc.,  and  the  heat  lost  by  the  skin,  etc.,  are  so  balanced 
that  in  warm-blooded  animals  a  relatively  constant  temperature 
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results.  This  temperature,  however,  is  not  absolute  for  all 
varieties  of  warm-blooded  animals,  nor  are  the  limits  of  variation 
consistent  with  health  the  same  in  all  animals.  The  following 
values  are  given  by  Eichet  as  the  mean  temperatures  of  certain 
animals : — 


Man, 

.    37-0°  C.    (98-6°  F.) 

Sheep, 

39-5°  C.  (103-1°  F.) 

Ass, 

.    37-4°  C.   (99'3°  F.) 

Pig, 

39-7°  C.  (103-3°  F.) 

Horse, 

.    37  7°  C.  (100-0°  F.) 

Wolf,  . 

40-5°  C.  (104-9°  F.) 

Monkey, 

.    38-1°  C.  (100-6°  F.) 

Falcon,  . 

40-5°  C.  (104-9°  F.) 

Cat, 

.    38-8°  C.  (101-8°  F.) 

Hen, 

42-2°  C.  (108-0°  F.) 

Dog, 

.    39-0°  C.  (102-2°  F.) 

Raven,  . 

42-8°  C.  (109-0°  F.) 

Guinea-pig, 

.    39-1°  C.  (102'4°  F.) 

Sparrow 

Rabbit,  . 

.    39-5°  C.  (103-1°  F.) 

(Summer), 

.    43-7°  C.  (110-7°  F.) 

The  limits  of  variation  consistent  with  health  are  not  known 
for  all  these  animals,  but  that  the  limits  are  in  some  cases  very 
wide  is  shown  by  the  following  examples.  They  are  taken 
principally  from  Pembrey's  article  on  "Animal  Heat"  in 
Schafer's  Physiology  for  Advanced  Students. 


Man,  . 

.  36 

15 

-37-8°  C. 

Guinea-pig, 

.  37'0°- 

-39- 

2°  C. 

Horse,  . 

.  36 

•1° 

-38-6°  C. 

Rabbit,  . 

.  37*0°- 

-40- 

8°  C. 

Monkey, 

.  36 

9° 

-39-7°  C. 

Sheep, 

.  38'5°- 

-41- 

8°  C. 

Cat, 

.  37 

9° 

-39-7°  C. 

Pig, 

.  38*7°- 

-40- 

8°  C 

Dog,  . 

.  37 

1° 

-39-9°  C. 

Besides  the  limits  which  have  been  given  above,  the  tempera- 
ture of  man  (and  probably  also  that  of  all  other  warm-blooded 
animals)  undergoes  diurnal  variations,  the  highest  point  (about 
37'5°  C.)  being  reached  between  5  p.m.  and  7  p.m.,  the  lowest 
(about  36*4°  C.)  between  4  a.m.  and  7  a.m..  The  normal  diurnal 
range  therefore  is  1-1-5°  C.  Apparently  this  diurnal  variation 
depends  upon  activity  and  feeding  during  the  daytime,  for 
Mosso  and  others  have  shown  that  the  curve  tends  to  become 
inverted  if  the  individual  works  and  feeds  at  night  and  sleeps 
during  the  day.  Nevertheless,  the  careful  observations  of  Hoover 
and  Sollmann,  made  hourly  upon  a  hypnotised  fasting  man  for 
eight  consecutive  days,  show  diurnal  variations  of  approximately 
the  ordinary  kind.  Diurnal  variations  are  therefore  not  de- 
pendent upon  these  factors  alone. 

Now  the  constancy  of  temperature — using  that  term  in  a 
broad  sense — that  obtains  in  warm-blooded  animals  obviously 
depends  upon  the  existence  of  a  direct  ratio  between  heat  pro- 
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duction  and  heat  loss.  Were  the  heat  produced  even  under 
ordinary  circumstances,  by  the  chemical  processes  continually 
going  on  in  the  body,  to  accumulate  without  heat  loss,  the  tem- 
perature of  the  individual  in  twenty-four  hours  would  be  raised 
by  about  48°  C,  an  amount  which  would  be  incompatible  with 
life,  if  for  no  other  reason  than  because  of  the  coagulation  of  the 
body-proteids  to  which  it  would  lead.  The  normal  loss  of  heat 
prevents  this  from  taking  place,  but  were  a  healthy  individual 
to  undergo  excessive  muscular  exertion  with  its  corresponding 
increase  in  heat  production,  while  his  loss  of  heat  though 
"  normal "  remained  unaltered,  his  temperature  would  infallibly 
rise.  In  the  same  way,  if  the  heat  loss  obtaining  under  condi- 
tions of  rest  at  a  temperature  of  15°  C.  were  to  obtain  also  when 
the  individual,  still  kept  at  rest,  was  placed  in  an  atmosphere  at 
0°  C,  his  temperature  would  infallibly  fall.  Neither  of  these 
contingencies  would  actually  arise ;  in  the  first  case,  because  the 
individual  would  increase  his  thermolysis,  and  in  the  second  case, 
partly  because  he  would  diminish  thermolysis,  partly  because  he 
would  increase  thermogenesis. 

But  though  the  failure  of  a  rise  of  internal  temperature  in  a 
case  where  an  abnormal  amount  of  heat  is  being  produced  must 
of  necessity  depend  upon  a  proportionate  increase  in  heat  loss,  it 
does  not  follow  that  the  absence  of  a  fall  in  temperature  of  an 
individual  on  exposure  to  a  low  external  temperature  depends 
alone  or  at  all  upon  a  diminished  loss  of  heat.  The  heat  loss 
may  in  this  latter  case  remain  the  same,  or  even  be  increased, 
and  yet  the  temperature  of  the  individual  will  be  maintained  if 
he  produces  a  proportionately  greater  amount  of  heat.  Such  a 
condition  as  this  can  be  well  seen  in  the  case  of  athletic  sports 
undertaken  during  the  winter.  The  temperature  of  the  air  being 
greatly  below  that  of  the  skin,  and  the  tendency  to  cooling  of 
the  body  being  great,  one  might  expect  that  such  mechanisms  as 
diminish  heat  loss  would  be  called  into  play,  but  the  flushed  con- 
dition of  the  skin  and  the  increased  rapidity  of  respiration  are 
evidence  that  if  the  heat  loss  were  not  increased,  the  increased 
heat  production  in  the  muscles  would  not  only  maintain  the 
normal  temperature,  but  cause  an  actual  rise. 
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Though,  theoretically,  regulation  of  heat  production  in  corre- 
spondence with  heat  loss,  or  regulation  of  heat  loss  in  correspond- 
ence with  heat  production,  would  either  of  them,  alone,  suffice 
for  the  maintenance  of  an  even  temperature,  this  end  is  attained 
in  warm-blooded  animals  not  by  means  of  either  the  one  or  the 
other  process  alone,  but  by  the  interaction  of  both.  The  advan- 
tage to  the  economy  of  such  an  interaction  is  manifest,  and  when 
it  is  recognised  that  there  are  limits  both  to  thermogenesis  and 
to  thermolysis,  it  is  clear  that  without  such  interaction  the  range 
of  external  conditions  under  which  existence  would  be  possible 
would  be  seriously  contracted. 

The  constancy  of  temperature  observed  in  a  healthy  indi- 
vidual from  day  to  day  being  dependent  upon  an  equilibrium 
between  his  heat  production  and  his  heat  loss,  it  is  necessary 
that  the  seats  of  these  two  processes  should  be  brought  into 
close  relationship  with  one  another.  This  connection  is  made 
by  the  blood.  The  heat  formed  in  muscles  and  glands  is  con- 
veyed away  from  these  parts  by  the  blood  which  circulates 
through  them,  and  goes  to  heat  the  superficial  parts ;  the  blood 
from  which  heat  has  been  removed  during  its  passage  through  the 
skin  and  lungs  goes  to  cool  the  heat  producing  tissues.  Hence 
there  is  always  a  tendency  for  the  production  of  one  uniform 
temperature  throughout  the  body.  Nevertheless,  perfect  uni- 
formity of  temperature  is  never  attained  during  life.  The 
temperature  of  deeper  parts  is  always  higher  than  the  tempera- 
ture of  more  superficial  parts;  thus  the  temperature  in  the 
rectum  is  ordinarily  about  half  a  degree  higher  than  that  in  the 
mouth  or  in  the  axilla,  and  a  variable  number  of  degrees  higher 
than  that  of  exposed  superficial  parts.  In  many  cases  the 
temperature  of  deeper  parts  is  higher  than  that  of  exposed 
superficial  parts  by  a  very  considerable  number  of  degrees  (7°  F» 
or  more).  This  great  difference,  however,  does  not  depend  so 
much  upon  a  rise  of  internal  temperature  as  upon  a  fall  in 
superficial  temperature,  for  the  deeper  parts  are  protected  from 
those  conditions  of  external  temperature  which  are  capable  of 
inducing  a  marked  fall  in  surface  temperature.  Nevertheless, 
in  fever  the  difference  between  internal  and  superficial  tempera- 
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til  res  may  be  great,  not  only  because  the  surface  is  cooler,  but 
also  because  at  the  same  time  the  deep  parts  are  warmer  than 
normal. 

(ii.)  The  Means  whereby  Heat  Regulation  is  carried 
out. — The  means  whereby  heat  regulation  is  carried  out  are 
many  and  different.  It  will  be  necessary  to  consider  them  (a) 
when  heat  loss  is  to  be  increased,  (b)  when  heat  loss  is  to  be 
diminished,  (c)  when  heat  production  is  to  be  increased,  (d)  when 
heat  production  is  to  be  diminished.  Each  of  these  will  be 
briefly  dealt  with. 

(a)  When  heat  loss  is  to  be  increased  the  seats  of  heat  loss 
become  congested,  and  the  functions  connected  with  those  parts 
are  exercised  to  a  greater  extent.  Thus  the  skin  becomes  red 
and  hot,  and  the  sweat  glands  secrete  with  greatly  increased 
vigour,  the  rate  of  respiration  is  increased,  and  such  natural 
means  of  warming  the  air  before  its  entry  into  the  lungs  as 
respiration  through  the  nose,  are  no  longer  utilised ;  the  animal 
breathes  rapidly  with  widely  open  mouth,  and  the  inspirations 
are  shallower  than  normal.  His  heart  beats  more  rapidly  and 
quickens  the  blood-stream  in  the  dilated  peripheral  blood- 
vessels. He  exposes  as  much  of  his  surface  to  well  conducting 
materials  as  possible :  if  human,  he  discards  clothing,  if  lower 
animal,  he  stretches  himself  out  at  full  length  and  brings  as 
much  of  his  body  in  contact  with  the  ground  as  possible.  At 
the  same  time,  by  a  cessation  of  voluntary  muscular  action  he 
reduces  heat  production  to  a  minimum. 

(b)  When,  on  the  other  hand,  loss  has  to  be  diminished,  the 
blood-vessels  of  the  skin  contract,  the  skin  becomes  pale  or 
even  bluish,  while  the  sweat  glands,  in  those  animals  possessing 
them,  cease  to  secrete.  If  human,  he  assumes  a  crouching 
position  and,  aiding  nature  by  art,  wraps  himself  in  badly  con- 
ducting material,  or  lights  a  fire  to  diminish  the  difference 
between  his  own  temperature  and  that  of  the  external  air.  If 
lower  animal,  he  assumes  a  crouching  position,  while  the  hair, 
feathers,  or  fur  "  stands  on  end  "  and  by  the  increased  amount 
of  dry  air  which  it  holds  between  its  meshwork,  surrounds  the 
animal  with  a  greater  thickness  of  badly  conducting  material. 
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At  the  same  time  he  increases  his  heat  production  by  the  various 
means  about  to  be  described. 

(c)  When  heat  production  has  to  be  increased,  the  animal 
makes  use  of  the  two  sources  of  heat  production,  muscular 
action  and  food.  He  becomes  more  active  in  his  movements,  runs, 
leaps,  and,  in  addition  to  these  voluntary  actions,  he  may  shiver, 
shivering  being  probably  the  natural  means  whereby  heat 
production  is  increased;  he  takes  more  food,  and  especially 
fats,  for  long  before  physiology  had  demonstrated  that  the  heat 
value  of  fat  is  high,  the  dweller  in  northern  regions,  such  as  the 
Eskimo,  had  learnt  the  fact  by  practical  experience.  At  the 
same  time  he  diminishes  heat  loss  as  far  as  possible. 

(d)  When  heat  production  has  to  be  diminished,  the  animal 
acts  in  the  opposite  manner.  He  ceases  to  exert  himself  and 
eats  little.  The  indolence  and  capricious  appetite  of  dwellers 
in  tropical  countries  have  their  physiological  meanings  in  con- 
nection with  heat  regulation. 

Of  the  means  that  have  been  described,  the  vascular,  cardiac, 
and  hidrotic  obviously  depend  upon  the  nervous  system. 
But  in  addition  to  these  means,  which  we  may  call  indirect, 
there  is  reason  to  believe  that  the  nervous  system  exerts  a 
direct  influence  upon  heat  production  at  least.  For  in  the 
neighbourhood  of  the  crucial  sulcus  (Wood)  and  of  the  corpus 
striatum  (Aronsohn  and  Sachs)  there  are  regions,  injury  of 
which  leads  to  an  increase  of  temperature  (in  man  on  the  other 
side  of  the  body)  apart  from  obvious  vaso-dilatation,  and  with 
the  coexistence  of  muscular  paralysis.1  Claude  Bernard,  from 
experiments  on  the  rabbit's  ear  after  section  of  the  cervical 
sympathetic,  concluded  that  there  are  definite  nerves  controlling 
temperature  (nerfs  calorifiques,  nerfs  frigorifiques).  But  though, 
from  the  discoveries  of  Wood  and  Aronsohn  and  Sachs,  we  are 
perhaps  led  to  believe  in  the  existence  of  cerebral  heat  centres,2 
which  may  be  independent  of  motor  centres  and  vaso-motor 

1  Curare,  given  in  moderate  doses,  has  been  said  to  lead  to  no  fall  of  temperature, 
sometimes  even  to  a  rise,  in  spite  of  the  muscular  paralysis  to  which  it  gives  rise 
(Hbgyes,  Mosso),  but  this  is  doubtful,  cf.  p.  442. 

2  For  a  criticism  of  the  current  view  as  to  the  existence  of  definite  thermo- 
genetic  centres,  see  Pembrey's  article  on  'Animal  Heat "  in  Schafer's  Physiology. 
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centres,  the  existence  of  special  nerves  is  very  uncertain.  Though 
we  must  probably  acknowledge  the  existence  of  special  impulses 
in  connection  with  heat  production,  the  paths  by  which  those 
impulses  travel  cannot  be  separated,  at  present,  from  those 
along  which  motor  and  vaso-motor  impulses  travel. 

It  is  uncertain  how  the  peripheral  changes  which  lead  to  the 
constriction  or  dilatation  of  blood-vessels  are  brought  about. 
One  is  naturally  inclined  to  regard  the  vascular  change  as  a 
reflex  act,  and  the  central  and  efferent  portions  can  easily  be 
localised  in  the  vaso-motor   centre   and   in   the  vaso-motor 
nerves,  but  with  regard  to  the  afferent  nerves  we  are  in  doubt. 
Heidenhain   found   that   electrical   and   mechanical  stimula- 
tion of   sensory  nerves  and  of   the  cord  lead  to  a  rise  of 
central  blood-pressure  and  a  fall  of  central  temperature,  and 
thence  concluded  that  the  vaso-motor  and  the  ther mo-regulatory 
centres  are  distinct,  but  neither  his  results  nor  his  conclusions 
have  escaped  adverse  criticism.    The  question  is  far  from  a 
simple  one.    The  author  has  shown  that  in  the  mouth,  local 
application  of  heat  raises  the  temperature  of  the  mouth,  and 
local  application  of  cold  lowers  its  temperature,  both  of  which 
results  might  have  been  expected.    But  he  also  showed  that 
merely  holding  in  the  mouth  for  two  minutes,  water,  the 
temperature  of  which  was  the  same  as  the  initial  temperature 
of  the  mouth  (98'4°  F.),  is  sufficient  to  raise  the  temperature  of 
the  mouth  *5°  F.,  and  that  the  effect  is  not  increased  if  a 
stimulant  to  salivary  secretion  such  as  clove  water  is  substi- 
tuted for  distilled  water.    Moreover,  the  duration  of  the  rise  of 
temperature  in  the  mouth  is  very  considerable,  for  both  after 
holding  water  at  140°  F.  and  water  at  98*4°  F.  in  the  mouth,  the 
temperature  of  the  mouth  is  still  found  to  be  above  its  initial 
point  three-quarters   of  an  hour  later.    Conditions  such  as 
these  preclude  all  possibility  that  the  rise  of  temperature  is 
merely  of  a  physical  nature,  and  it  is  difficult  to  understand,  at 
least  in  the  case  of  water  at  98*4°  F.,  any  other  afferent  nerves 
as  being  concerned  in  the  reflex  act  than  those  concerned  with 
ordinary  sensation, 
(iii.)  Metabolic  Changes  associated  with  Normal  Heat 
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Production  :  The  Respiratory  Quotient. — Since  by  far  the 
greater  number  of  the  changes  leading  to  heat  formation  are  of 
an  oxidative  character,  and  since  the  amount  of  oxygen  absorbed 
from  the  lungs  is  independent  of  the  amount  present  in  the 
atmosphere,  and  since  this  oxygen  principally  enters  into  com- 
bination with  carbon  and  with  hydrogen  to  form  carbon  dioxide 
and  water,  estimation  of  the  amounts  of  oxygen  taken  up  in 
respiration,  and  of  carbon  dioxide  and  water  given  off,  afford 
valuable  information  concerning  the  oxidative  processes  going 
on  in  the  body  generally. 

Now,  though  estimation  of  the  amount  of  oxygen  absorbed 
will  not  give  any  information  concerning  the  amount  of  heat 
produced,  unless  we  know  whether  it  has  been  used  in  the 
oxidation  of  fat  or  of  proteid  or  of  carbohydrate,  owing  to  the 
different  heat  values  of  these  substances,  and  though  the 
amount  of  expired  carbon  dioxide  gives  no  information  as  to 
the  kind  of  substance  that  has  been  broken  up  in  its  formation, 
the  case  is  different  with  the  "  respiratory  quotient,"  by  which 

.  -  volume   of   C09  excreted  .  , 

the  ratio  — ,  ,  ~  *  ,  ; — r-  is  commonly  expressed. 

volume  or  02  absorbed  J  r 

For  the  respiratory  quotient  is  a  relatively  constant  quantity  in 
a  normal  animal  upon  a  fixed  diet,  so  that,  if  without  any 
change  in  the   diet  the  respiratory  quotient   of  an  animal 
undergoes  change,  information  is  given  of  a  change  in  the^ 
metabolic  processes  going  on  in  the  animal  itself. 

Further,  an  indication  is  given  as  to  the  nature  of  the  change 
in  metabolic  processes  by  the  direction  undergone  by  the  respira- 
tory quotient.  For  the  respiratory  quotient  varies  according  to  the 
diet  upon  which  the  animal  is  fed.  If  the  diet  be  carbohydrate, 
the  respiratory  quotient  is  approximately  1,  since  in  splitting  up 
carbohydrate  into  C02  and  H20,  0  *s  needed  for  combination 
with  the  C  alone.  Where,  on  the  other  hand,  the  diet  is  fat, 
besides  such  0  as  is  needed  to  oxidise  the  C  of  the  fat  to  C02 
a  certain  amount  of  0  is  needed  to  supplement  the  0  already 
present  in  the  fat,  in  the  formation  of  H20  from  the  H  of  the 
fat.  Hence  the  volume  of  0  absorbed  is  greater  than  where  the 
diet  is  carbohydrate,  and  the  respiratory  quotient  is  less  ('7). 
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With  a  proteid  diet  the  value  is  about  "73,  and  with  a  mixed 
diet,  such  as  that  of  man,  about  '85.  Consistently  with  the 
values  given  above,  Pfliiger  found  that  the  respiratory  quotient 
of  the  herbivora  is  '9-1-0,  and  that  of  the  carnivora  -75--80. 
According  to  Pfliiger,  the  respiratory  quotient  is  a  highly 
stable  quantity,  and  depends  solely  upon  the  metabolic  processes 
going  on  in  the  animal,  but  this  is  denied  by  many  authors  of 
high  repute  (Vierordt,  Voit,  Zuntz,  and  others),  who  maintain 
that  it  may  be  altered  by  voluntary  variation  of  rate  and  depth 
of  respiration,  and  by  muscular  exertion.  Nevertheless  the 
value  of  the  factor  itself  as  an  indicator  of  the  kind  of  change 
that  is  going  on  in  starvation  or  in  fever,  for  example,  cannot 
be  gainsaid. 

When  first  the  subject  of  heat  formation  was  investigated,  it 
was  held  that  the  body  heat  is  derived  from  destruction  of 
proteid,  but  after  the  well-known  experiment  of  Fick  and 
Wislicenus  the  pendulum  of  opinion  swung  back,  and  it  was  the 
carbohydrates  that  were  held  responsible,  such  destruction  of  pro- 
teid as  occurs  being  regarded  as  derived  from  direct  tissue  waste 
of  the  heat  producing  parts.   At  the  present  time  it  is  held  that 
the  pendulum  swung  too  far  in  this  direction,  for  the  fact  that 
body  heat  can  be  maintained  during  starvation,  and  the  fact 
that  during  the  starvation  the  respiratory  quotient  sinks  till  it 
is  equal  to  that  of  an  animal  on  a  pure  proteid  diet,  show  that 
if  there  be  necessity  proteids  can  be  used  as  fuel.  When, 
indeed,  a  starving  animal  has  exhausted  his  store  of  carbohydrate 
and  fat  he  falls  back  on  his  proteid.     Thus  Lehmann  and 
Zuntz  found  that  the  respiratory  quotient  of  a  man  under- 
going a  long  voluntary  fast  was  "73  on  the  last  day  on  which 
he  took  food,  *68  on  the  first  day  of  the  fast,  '65  on  the  second 
day,  and  constant  at  this  point  for  the  next  10-12  days. 

But  though  the  respiratory  quotient  is  a  relatively  constant 
quantity,  the  factors  of  which  it  is  composed  are  in  the  highest 
degree  variable.  With  exercise  the  absorption  of  oxygen  and 
the  output  of  carbonic  acid  and  water  increase  enormously. 
According  to  Speck,  a  marked  increase  of  oxygen  consumption 
occurs   even  with  such  slight   movements  as  changing  the 
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position  of  the  limbs,  opening  and  shutting  of  the  hands,  etc. ; 
of  course  with  these  same  movements  there  goes  an  increased 
output  of  carbon  dioxide.  With  exposure  to  a  low  external 
temperature  both  oxygen  consumption  and  carbon  dioxide 
output  are  increased,  and  to  a  degree  that  is  approximately  pro- 
portional to  the  lowering  of  external  temperature.  In  small 
animals,  such  as  the  rabbit,  guinea-pig,  cat,  this  may  be  well 
marked  in  the  complete  absence  of  obvious  muscular  action, 
but  in  man,  according  to  Lowy,  no  increase  in  metabolism  takes 
place  if  shivering  be  prevented  by  a  strong  effort  of  will. 

III.  Hyperthermia. — It  has  already  been  mentioned  in 
passing  that  there  are  limits  beyond  which  on  either  side  heat 
production  and  heat  loss  are  powerless  for  the  maintenance  of 
a  constant  temperature;  the  temperature  of  an  individual  ex- 
posed to  excessively  high  or  excessively  low  temperatures  for 
more  than  a  very  short  time,  rises  or  falls  as  the  case  may  be. 

Now,  since  we  have  placed  the  higher  limit  of  temperature- 
variation  compatible  with  normality  in  man  at  37*8°  C,  it 
follows  that  temperatures  above  this  should  be  regarded  as 
pathological ;  but  in  some  cases  the  symptoms  accompanying 
such  hyperthermia  are  so  slight  and  so- transient  that  they  can 
hardly  be  removed  from  the  category  of  physiological  phenomena. 
Thus  immersion  in  a  bath  at  44*6°  C.  (112°  F.)  for  twelve  minutes 
will  raise  the  temperature  of  an  individual  (taken  in  the  mouth) 
from  36-8°  C.  to  39-6°  C.  (98'2°  F.  to  103'2°  F.)  and  will  lead 
to  faintness,  palpitation,  and  rapid  breathing,  but  though  the 
temperature  on  leaving  the  bath  is  undoubtedly  hyperthermic, 
the  symptoms  are  those  associated  with  a  great  exercise  of  the 
mechanisms  presiding  over  heat  loss,  and,  therefore,  cannot  with 
justice  be  called  pathological.  The  hyperthermia,  too,  disappears 
or  even  gives  place  to  a  slight  degree  of  hypothermia  in  about  an 
hour,  so  that  in  spite  of  the  great  rise  of  bodily  temperature  the 
condition  cannot  be  considered  as  over  the  border  line  separating 
physiology  from  pathology. 

In  the  example  given  we  have  a  case  of  hyperthermia  due 
principally  to  diminution  (temporary,  it  is  true)  in  heat  loss ;  pro- 
duction of  heat  is  not  increased  excepting  by  the  muscular  action 
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involved  in  increased  respiration.  At  the  same  time,  heat  is 
directly  added  to  the  body  from  without,  as  the  temperature 
of  the  bath  is  higher  than  that  of  the  blood.  Hyperthermia 
may  also  be  produced  if  thermogenesis  is  increased  beyond 
the  counterbalancing  powers  of  thermolysis ;  excessive  muscular 
exertion,  for  example,  can  certainly  raise  the  temperature  of  an 
individual,  especially  when  external  conditions  are  such  that  the 
possibility  of  compensatory  thermolysis  is  at  the  same  time 
diminished. 

It  is  when  all  three  conditions,  increased  thermogenesis, 
diminished  possibility  of  thermolysis,  and  actual  addition  of  heat 
to  the  body,  are  present,  that  hyperthermia  is  most  marked,  and 
there  is  then  no  doubt  as  to  its  pathological  nature,  since  in  not  a 
few  cases  death  of  the  patient  occurs.  Such  are  cases  of  insola- 
tion or  heat-apoplexy. 

(i.)  Hyperthermia  from  continued  Exposure  to  High 
External  Temperatures. — The  actual  point  to  which  the 
temperature  of  an  animal  can  be  raised  without  the  supervention 
of  death  varies  according  to  circumstances.  Speaking  generally, 
it  is  5°-6°  C.  above  the  mean  normal  temperature  (Cohnheim), 
but  Eosenthal  has  shown  the  important  and  curious  fact  that  a 
kind  of  active  immunity  to  heat  can  be  produced  by  repeated 
exposure  of  the  animal  to  a  temperature  lower  than  that  which 
would  have  been  fatal  had  such  an  "  immunisation  "  process  not 
been  undergone.  Such  previously  prepared  animals,  when  again 
exposed  to  a  high  temperature,  show  signs  of  heat  retention,  it  is 
true,  but  those  signs  are  much  less  marked,  the  temperature  does 
not  rise  to  so  high  a  point,  the  respirations  and  the  pulse  are  not 
so  greatly  accelerated,  the  general  distress  is  less. 

The  temperature  which  the  external  medium  must  attain  before 

signs  of  hyperthermia  appear  is  profoundly  modified  by  other 

conditions.    Water  is  effective  at  a  much  lower  temperature  than 

air,  air  fully  charged  with  moisture  at  a  lower  temperature  than 

dry  air,  still  air  at  a  lower  temperature  than  moving  air.  All 

these  factors,  of  course,  have  bearings  upon  evaporation,  and  since 

evaporation  is  one  of  the  most  effective  means  for  increasing  heat 

loss,  those  conditions  that  hinder  evaporation  favour  the  occur- 

2  E 
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rence  of  heat  retention.  A  man  who  can  remain  in  dry  air  at  a 
temperature  of  60°-70°  C.  for  half  an  hour  will  probably  not  be 
able  to  remain  the  same  length  of  time  in  a  vapour  bath,  though 
the  temperature  is  not  above  45°  C. ;  and  in  any  case  his  body 
temperature  on  leaving  the  vapour  bath  will  be  higher  than  on 
leaving  the  hot  air  bath.  Where  muscular  exertion  has  also  to 
be  undergone  in  a  medium  the  temperature  of  which  is  high, 
symptoms  of  hyperthermia  arise  at  a  considerably  lower  external 
temperature.  Thus  workers  in  tunnels  and  in  mines  can  hardly 
support  a  temperature  of  40°  C.  however  dry  the  air  supplied  to 
them  may  be  ;  in  the  silver  mines  of  Sierra  Nevada,  where  the 
temperature  is  42'2°-46-70  C,  a  man  cannot  work  for  longer  than 
ten  minutes. 

The  symptoms  presented  by  a  hyperthermic  animal  when  its 
temperature  is  reaching  a  dangerous  height  are  those  of  severe 
distress,  respiration  and  pulse  are  accelerated,  and  the  animal  lies 
outstretched  to  present  the  greatest  possible  surface  for  loss  of 
heat.  If  its  temperature  still  rises,  it  becomes  dull  and  heavy, 
even  paralytic,  the  pupils  are  dilated,  the  pulse  fluttering  and 
hardly  to  be  counted,  and,  immediately  before  death,  convulsions 
may  show  themselves.  The  symptoms  produced  in  sunstroke  or 
heat-apoplexy  are  very  similar ;  the  face  is  red,  pupils  dilated, 
respiration  increased,  heart  fluttering,  the  patient  collapsed  and 
delirious,  his  temperature  raised  perhaps  to  44°  C.  (111°  F.), 
and  often  death  is  preceded  by  convulsions.  When  it  is  re- 
membered in  addition  that  heatstroke  especially  affects  indi- 
viduals labouring  in  a  hot,  moist,  and  still  atmosphere,  such  as 
soldiers  marching  in  close  order  during  the  daytime  in  the  tropics, 
stokers  working  in  engine-rooms,  hay-makers  and  harvesters, 
there  can  be  no  doubt  that  heat  retention  is  the  true  cause  of  the 
condition.  Though,  even  with  copious  sweating,  hyperthermia 
cannot  be  prevented  if  the  temperature  of  the  external  air  be 
very  high,  the  dangers  of  hyperthermia  are  much  increased  if 
sweating  ceases,  as  it  is  likely  to  do  unless  fluid  be  drunk  freely 
to  replace  the  fluid  lost  by  the  skin.  To  this  point  reference 
will  be  made  when  discussing  the  Pathology  of  Collapse. 

The  causa  of  death  in  hyperthermia  is  somewhat  uncertain. 
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Claude  Bernard  thought  that  death  depends  upon  coagulation  of 
the  muscle-proteicls,  especially  those  of  the  heart ;  but  this  is 
probably  not  the  case,  as  the  coagulation  temperatures  of  the 
chief  muscle-proteids  are  higher  than  the  temperature  reached 
even  in  fatal  hyperthermia  (Halliburton).  Moreover  Laveran  has 
shown  that  when  the  heart  of  an  overheated  dog  has  ceased  to 
beat,  contractions  may  reappear  if  the  animal's  thorax  be  opened 
in  a  cool  room;  it  is  hardly  conceivable  that  this  would  be 
the  case  if  the  cause  of  cessation  of  heart's  beat  were  coagula- 
tion of  muscle-proteid.  According  to  Ide,  cessation  of  heart 
action  must  be  attributed  to  alteration  in  the  metabolism  of  the 
cardiac  muscle  and  storage  in  it  of  injurious  by-products,  but 
this  would  not  explain  the  phenomenon  described  by  Laveran. 

But  though,  if  the  hyperthermia  be  not  too  severe,  death  may 
not  supervene,  yet  in  man,  as  in  lower  animals,  hyperthermia, 
especially  if  long  continued,  is  followed  by  serious  results. 
Indeed  it  is  only  in  slight  cases  that  perfect  recovery  occurs. 
Ill  results  follow,  too,  after  the  hyperthermia  itself  has  dis- 
appeared ;  in  man,  cerebral  symptoms  of  diverse  nature,  weak- 
ness of  intellect  and  of  body,  are  often  seen  after  sunstroke,  and 
in  animals  a  progressive  emaciation  with  ultimate  death.  How 
far  these  symptoms  depend  upon  recognised  anatomical  lesions 
it  is  difficult  to  say,  but  in  overheated  animals  marked  fatty 
degeneration  of  cardiac  and  skeletal  muscle,  of  hepatic  and  of 
renal  epithelium  is  constantly  seen.  The  actual  effects  of  hyper- 
thermia were  investigated  by  Ziegler  and  Werhovsky.  Eabbits 
were  kept  for  periods  varying  between  two  and  twenty-nine  days 
in  a  chamber  the  temperature  of  which  was  36°-40°  C.  After  a 
few  hours'  sojourn  in  the  chamber  the  body  temperature  of  the 
animals  was  2°-3°  C.  above  normal.  It  was  found  that  the 
most  constant  appearances  were  general  wasting,  diminution  in 
the  hsemoglobin  content  of  the  blood  and  in  the  number  of  red 
blood-corpuscles,  moderate  increase  in  the  number  of  leucocytes, 
especially  the  large  hyaline  cells  and  the  "  polynuclear  pseudo- 
eosinophil"  cells  (finely  granular  oxyphil  cells),  diminution  in 
the  number  of  lymphocytes.  In  the  bone-marrow  and  the 
spleen  there  was  found  an  enormous  increase  in  amount  of 
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hemosiderin  and,  later,  fatty  degeneration  of  the  liver,  kidney, 
and  heart. 

(ii.)  Hyperthermia  from  Cerebral  Lesions.  —  Besides 
hyperthermia  from  exposure  to  high  external  temperature,  i.e., 
heat  retention  due  to  insufficient  heat  loss,  there  is  a  variety  of 
hyperthermia  due  apparently  to  increased  heat  production  of 
cerebral  origin  unaccompanied  by  a  corresponding  heat  loss.  It 
has  long  been  known  that  after  compression  or  laceration  of  the 
cervical  spinal  cord  in  man  the  temperature  of  the  patient  may 
in  certain  cases  be  markedly  raised,  and  similar  results  have 
been  observed  experimentally  in  rabbits  and  dogs.  But  it  was 
not  until  after  Wood,  in  an  extensive  series  of  experiments,  had 
shown  that  in  dogs  a  considerable  rise  of  temperature  takes  place 
after  division  of  the  bulb  from  the  pons,  and  after  destruction  of 
the  first  cerebral  convolution,  that  the  existence  of  a  cerebral 
centre  or  centres  presiding  over  the  heat  function  began  to  be 
a  subject  of  discussion.  Wood's  results  have  been  confirmed  and 
extended  by  a  number  of  investigators,  amongst  whom  Aronsohn 
and  Sachs,  Richet  and  Ott,  and  Hale  White  may  be  mentioned. 

Aronsohn  and  Sachs  showed  that  puncture  into  the  corpus 
striatum  produces  a  considerable  rise  of  temperature,  and  that 
this  rise  is  not  due  to  injury  of  the  superjacent  grey  or  white 
matter.  The  rise  of  temperature  being  accompanied  by  an 
increased  destruction  of  proteid,  they  conclude  that  the  hyper- 
thermia is  due  to  increased  heat  production,  a  conclusion  to 
which  Wood  and  Ott,  using  the  calorimeter,  also  come.  Hale 
White,  working  on  rabbits,  found  that  the  regions,  injury  of 
which  lead  to  hyperthermia,  are  essentially  the  corpus  striatum 
and  the  posterior  portion  of  the  cerebral  cortex.  Other  regions, 
such  as  the  septum  lucidum  and  the  crus,  injury  of  which  produce 
slight  results,  probably  act  by  implicating  fibres  derived  from  the 
corpus  striatum ;  the  same  is  probably  true  also,  according  to 
Hale  White,  for  the  hyperthermia  supervening  after  injury  of 
the  anterior  end  of  the  optic  thalamus  (Ott),  for  he  finds  that 
the  rise  is  rarely  greater  than  1°  F.  With  regard  to  the  striate 
and  the  posterior  cerebral  regions,  Hale  White  finds  that  injury 
leads  to  a  difference  in  the  characters  of  the  hyperthermia; 
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whereas  after  injury  to  the  corpus  striatum  the  maximum 
temperature  (about  3°  F.  above  normal)  is  reached  in  16 J 
hours  after  operation,  and  hyperthermia  lasts  62 J  hours,  on  an 
average,  after  injury  to  the  posterior  cortical  region,  the 
maximum  temperature  (which  is  less  than  that  with  striate 
lesions)  is  reached  in  5  hours,  and  hyperthermia  lasts  29 J 
hours.1 

With  regard  to  metabolism  it  is  certain  that  the  output  of 
nitrogen  is  increased  after  injury  of  this  description,  but  the 
respiratory  exchange  is  probably  unaltered ;  nevertheless  on  the 
latter  point  there  is  a  divergence  of  opinion.  In  man,  cerebral 
lesions,  such  as  haemorrhage  and  embolism,  are  accompanied  at 
times  by  a  rise  of  temperature,  but  this  is  more  often  seen, 
according  to  Dana,  after  haemorrhage  than  after  embolism  or 
thrombosis.  Such  a  rise  of  temperature  is  observed  on  the  side 
opposite  to  that  of  the  lesion,  and  has  been  shown  to  accompany 
lesions  of  the  pons,  of  the  corpus  striatum,  and  of  the  cortex. 
Hale  White  in  his  Croonian  Lectures  showed  the  temperature 
charts  of  two  persons  suffering  from  haemorrhage  into  the 
corpus  striatum,  in  which  the  temperature  in  the  axilla  of  the 
side  opposite  to  the  lesion  was  higher  than  that  in  the  axilla 
on  the  same  side ;  in  one  case  the  chart  shows  that  such  a 
difference  persisted  for  four  days,  in  the  other  for  twelve  days. 
Since  in  these  same  cases  Hale  White  also  found  that  the  surface 
temperature  and  the  secretion  of  sweat  on  the  side  opposite  to 
the  cerebral  lesion  were  greater  than  on  the  same  side,  he 
concludes  that  heat  loss  was  increased,  and  therefore  that  the 
higher  temperature  must  have  been  due  to  increased  heat  pro- 
duction. This  increased  heat  production  was  independent  of 
muscular  action  (for  the  arm  was  paralysed),  and  was  appar- 
ently independent  of  vaso-dilatation.  Concerning  the  method 
whereby  lesions  such  as  those  which  have  been  described  lead 
to  increased  temperature,  we  are  completely  ignorant,  and  it 
would  not  be  profitable  to  enter  into  a  discussion  of  the  theories 

1  After  a  rise  of  temperature  produced  in  this  way  has  disappeared,  a  fresh  rise 
may  again  be  produced  by  a  fresh  puncture.  This  fact  and  the  rapidity  with 
which  the  rise  of  temperature  appears,  seem  to  preclude  the  possibility  that  the 
thermal  change  is  of  septic  origin. 
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that  have  been  put  forward,  especially  as  we  are  still  uncertain 
whether  vascular  modifications  can  be  completely  excluded,  and 
how  far,  therefore,  we  have  to  deal  with  a  strict  increase  of 
heat  production. 

(iii.)  Hyperthermia  following  on  the  Administration 
of  certain  Drugs. — It  is  known  that  a  rise  of  temperature 
can  be  produced  by  the  administration  of  certain  drugs,  but  the 
method  whereby  these  drugs  act  is  in  many  cases  highly  un- 
certain. The  rise  of  temperature  seen  after  poisoning  with 
strychnine  may  certainly  in  part  be  ascribed  to  the  convulsions 
which  characterise  strychnine  poisoning,  but  since  the  drug  acts 
upon  the  nervous  system,  it  is  doubtful  whether  the  increased 
production  of  heat  in  the  muscles  explains  the  whole  rise  of 
temperature.  Belladonna  and  cocain,  if  given  in  large  doses, 
also  increase  the  temperature  of  the  animal,  but  most  impor- 
tant in  this  respect  of  all  known  drugs  is  /3-tetrahydronaphthyl- 
amine,  of  which  *075  gm.  given  to  a  rabbit  weighing  1600  gm. 
will  raise  its  temperature  4°  C.  in  one  and  a  half  hours  and 
cause  death  (Stern).  Since  poisoning  with  /3-tetrahydro- 
naphthylamine  does  not  lead  to  muscular  activity,,  there  is 
reason  to  believe  that  the  drug  directly  influences  heat  pro- 
duction. 

It  is  uncertain  whether  cases  of  high  temperature  seen  in 
hysterical  patients,  of  high  temperature  seen  after  passage  of  a 
catheter  ("  urethral  fever  "),  of  high  temperature  seen  in  differ- 
ent forms  of  anaemia,  of  high  temperature  seen  in  children 
during  teething,  slight  disorders  of  digestion,  etc.,  are  to  be 
associated  with  hyperthermia  as  it  has  been  here  described,  or 
should  be  included  along  with  fever.  The  characters  of  the 
high  temperature  in  many  of  the  cases  given  are  different  from 
those  of  fever,  but  not  in  all.  Penibrey  has  found  that  the 
power  of  heat  regulation  at  birth  varies  according  to  the  state 
of  development  at  which  the  young  comes  into  the  world ; 
thus  mice,  rats,  pigeons  act  almost  like  cold-blooded  animals, 
whereas  guinea-pigs  and  chickens,  the  development  of  which  at 
birth  is  very  advanced,  react  to  changes  in  external  temperature 
like  warm-blooded  animals  from  the  first.    From  this  it  would 
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seem  that  stability  of  heat  regulation  implies  a  relatively  high 
degree  of  development,  including  therewith  development  of  the 
nervous  system,  so  that  the  hyperthermia  of  children  and  of 
hysterical  patients,  at  least,  may  depend  upon  an  instability  or 
lower  development  of  nervous  system,  evidences  of  which  are 
also  given  in  other  directions  by  both  classes  of  person. 
Whether  we  may  with  the  necessary  modifications  apply  such 
a  suggestion  to  the  hyperthermia  of  anaemia  is  another  question, 
but  there  is  no  doubt  that  the  nutritive  condition  of  the  nervous 
system  in  anaemia  must  be  modified  just  as  is  the  nutritive 
condition  of  the  heart. 

The  remarkable  elevation  of  temperature  which  is  sometimes 
seen  immediately  before  death,  and  which  from  this  fact  was 
termed  "  agonal  "  by  Wunderlich,  is  partly  of  the  hyperthermic 
and  partly  of  the  true  febrile  type.  It  must  be  looked  upon  as 
hyperthermic  when  it  arises  in  the  course  of  cerebral  disease, 
such  as  epilepsy  or  cerebral  haemorrhage,  but  as  febrile  in  such 
a  disease  as  rheumatism  or  tubercular  meningitis ;  for  in  the 
latter  examples  there  is  an  exacerbation  of  the  fever  which  is 
already  present,  whereas  in  the  former  examples  "  fever  "  as  it 
is  considered  in  the  present  work  is  absent,  and  the  rise  of 
temperature  is  an  isolated  phenomenon. 

IV.  Hypothermia. — Hypothermia  may  result  from  a  variety 
of  causes  :  from  exposure  to  low  external  temperature,  from 
starvation,  from  haemorrhage,  from  the  administration  of  various 
drugs,  from  injuries  to  the  spinal  cord ;  it  may  also  occur  as  a 
constant  associate  of  certain  diseases  and  as  a  part  of  the  states 
known  as  shock  and  collapse.  The  effects  of  hypothermia  re- 
sulting from  any  of  these  causes  are  always  of  the  same  kind, 
however  much  they  may,  and  do,  differ  in  degree,  just  as  the 
effects  of  hyperthermia  are  always  of  the  same  kind.  These 
effects  consist  in  coldness  and  pallor  of  the  skin,  sometimes 
combined  with  cyanosis  of  the  extremities,  in  sluggishness  of 
muscular  action,  whether  voluntary  or  involuntary  (thus  res- 
piration and  cardiac  action  are  slow,  and  the  activity  of  the 
reflexes  is  diminished  or  abolished),  in  a  tendency  to  drowsi- 
ness or  in  complete  coma.    These  symptoms  are  the  more: 
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marked  the  greater  the  degree  of  hypothermia,  but  a  general 
sluggishness  of  nerve  and  of  muscle  in  hypothermic  persons 
and  animals  is  always  noticeable.  It  is  hardly  necessary  to 
point  out  that  this  is  in  great  contrast  to  the  behaviour  of  the 
11  ormo thermic  person  when  he  feels  cold. 

(i.)  Hypothermia  from  continued  Exposure  to  Low 
External  Temperature. — The  normal  animal  when  exposed 
to  a  low  temperature  diminishes  heat  loss  and  increases  heat 
production,  but  if  the  external  temperature  be  too  low,  or  in 
particular  if  heat  production  be  prevented,  hypothermia  results. 
A  naked  man  cannot  maintain  his  temperature  in  an  external 
temperature  below  27°  C,  and  though  many  animals  can  well 
bear  a  lower  external  temperature  than  this,  they  cannot  do  so 
if  they  are  prevented  from  setting  in  action  the  natural  means 
of  increasing  heat  production.  The  lowest  rectal  temperature 
compatible  with  life  in  man  is  not  known,  but  Cohnheim 
speaks  of  drunken  tramps  picked  up  during  the  winter  whose 
rectal  temperatures  were  "  30°  C.  to  26°  C.  or  even  24°  C."1  For 
lower  animals  the  minimal  rectal  temperature  that  can  be 
survived,  if  especial  care  be  taken  in  resuscitation,  is  18°  C. 
(Walther),  but  many  of  the  cooled  animals  die  even  after  they 
have  regained  their  normal  temperature.  The  rise  of  body 
temperature  after  cooling  not  uncommonly  overshoots  the 
mark,  and  the  animal's  temperature  is  then  raised  perhaps 
several  degrees  above  normal ;  such  animals  become  greatly 
emaciated  and  generally  die.  It  is  well  in  accordance  with  the 
general  law  that  heat  is  a  more  effective  agent  than  cold,  that 
whereas  a  man  can  survive  a  fall  in  his  temperature  of  13°  C. 
he  can  hardly  survive  a  rise  in  his  temperature  of  6°  C,  and  that 
the  marked  histological  and  functional  lesions  which  follow  on 
hyperthermia  from  exposure  to  abnormally  high  temperatures, 
are  generally  absent  though  a  much  greater  degree  of  hypo- 
thermia has  been  produced  by  exposure  to  abnormally  low 
temperatures. 

(ii.)  Hypothermia  in  the  Course  of  Disease. — A  per- 
sistently subnormal  temperature  is  characteristic   of  certain 

1  Page  1327,  New  Syd.  Soc.  Trans. 
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chronic  diseases.  Of  such  diseases  the  various  forms  of  nephritis 
and  myxcedema  are  marked  examples.  Besides  these,  emphy- 
sema and  some  other  forms  of  pulmonary  disease,  as  well  as 
many  kinds  of  cardiac,  and  chronic  nervous  disease,  are  associated 
with  a  slight  degree  of  hypothermia. 

The  degree  of  hypothermia  in  these  cases  is  rarely  great,  but 
it  is  very  constant.  Usually  the  temperature  oscillates  about 
36-7°  C.  (98°  R),  being  perhaps  37°  in  the  evening  and  36°  in 
the  morning,  but  it  may  be  lower.  With  regard  to  myxcedema, 
a  disease  associated  with  atrophy  of  the  thyroid  body,  Lorrain 
Smith  has  found  that  after  removal  of  the  thyroid  body  in  cats, 
variations  in  external  temperature  have  a  greater  effect  on  heat 
production  than  when  the  animals  are  normal.  This  would 
seem  to  suggest  that  in  myxcedema  it  is  the  mechanisms 
presiding  over  heat  loss  that  are  at  fault  in  determining  the 
hypothermia,  rather  than  those  presiding  over  heat  production. 
With  regard  to  the  causes  of  the  hypothermia  in  the  other 
chronic  diseases  mentioned  above  we  are  ignorant ;  probably 
they  are  not  exactly  the  same  in  all  cases. 

In  many  acute  diseases  and  in  surgical  injuries  of  a  severe 
kind  the  temperature  may  undergo  a  sudden  and  marked 
diminution.  This  occurs  in  shock  and  collapse,  conditions 
which,  it  will  be  seen  later,  are  most  commonly  met  with  in 
surgical  and  medical  affections  of  vital  parts,  particularly  the 
abdominal  viscera.  Thus  in  acute  generalised  peritonitis  from 
whatever  cause,  in  severe  injuries  to  abdominal  organs,  in 
haemorrhage  from  a  typhoid  ulcer  or  from  rupture  of  a  tubal 
gestation,  the  patient's  temperature  will  probably  be  found 
subnormal.  It  is  not  actually  known  upon  what  fault  in  heat 
regulation  the  hypothermia  in  these  cases  depends,  but  it  is 
probable  that  heat  production  and  heat  loss  are  both  deranged. 
Eeference  will  again  be  made  to  this  point. 

In  starvation  the  temperature  is  often  very  low,  but  one 
must  distinguish  between  clinical  "starvation"  and  experi- 
mental starvation  or  fasting.  Experimental  starvation,  even 
though  food  is  entirely  withheld,  is  not  accompanied  by  any 
great  alteration  in  body  temperature  until  starvation  has  been 
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going  on  for  perhaps  three  weeks  and  the  animal  is  approach- 
ing death  ;  we  have  in  such  a  disease  as  carcinoma  of  the 
oesophagus  a  clinical  example  of  a  very  similar  condition.  But 
in  starvation,  as  a  result  of  extreme  poverty,  the  case  is  differ- 
ent, for  the  inability  to  purchase  food  implies  an  inability  to 
purchase  clothing,  shelter,  fuel,  and,  therefore,  starvation  in  this 
sense  implies  starvation  in  the  experimental  sense  plus  exposure 
to  cold.  A  starved  person  is  therefore  not  only  called  upon  to 
produce  heat  in  the  absence  of  food,  but  more  than  this,  he  is 
called  upon  to  produce  an  additional  amount  of  heat  in  order  to 
counterbalance  as  far  as  possible  the  cooling  brought  about  by 
exposure  to  external  cold.  This  excessive  demand  cannot  long 
be  met,  and  starvation  as  a  social  experiment  causes  more  rapid 
wasting,  earlier  fall  of  temperature,  and  earlier  death  from 
hypothermia  than  starvation  as  a  pathological  experiment.  In 
starvation,  after  carbohydrates  and  fats  present  in  the  body 
have  been  consumed  in  heat  production,  the  total  heat  produc- 
tion is  derived  from  combustion  of  proteid. 

(iii.)  Hypothermia  from  Administration  of  Drugs. — 
Many  drugs  are  known  which  lower  temperature  quite  apart 
from  the  so-called  "  antipyretics "  with  which  we  are  not  at 
present  concerned.  Thus  alcohol,  chloroform,  ether,  morphia, 
chloral,  curare  when  given  in  large  doses  produce  a  subnormal 
temperature.  Hypothermia,  too,  is  commonly  seen  after  ad- 
ministration of  poisons,  whether  vegetable  (bacterial)  or  animal 
(snake),  if  the  dose  has  been  so  large  as  to  endanger  life. 

These  drugs  probably  act  in  a  variety  of  ways.  Curare  seems 
to  lower  temperature  by  interfering  with  heat  production  in 
the  muscles;  at  least  in  a  moderately  curarised  frog,  heat 
production  in  the  gastrocnemius,  as  evidenced  by  a  resistance 
thermometer,  is  only  found  to  occur  so  long  as  contraction 
follows  stimulation  of  the  sciatic  nerve.1  In  a  curarised  dog  or 
rabbit  the  heat  production  and  respiratory  exchange  diminish 
by  about  one-third  (Stewart).  Nevertheless,  the  cedema  which 
is  so  readily  produced  in  a  curarised  dog  or  rabbit  seems  to 
show  that  some  alteration  of  the  blood-vessels  has  taken  place, 

1  See  note.  p.  428. 
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and  therefore  it  is  possible  that  increase  of  heat  .loss  may  also 
assist  in  producing  the  result. 

Alcohol,  chloroform,  ether,  and  chloral  act  by  their  effects  on 
the  vaso- motor  centre  and  on  metabolism ;  they  lead  to  exces- 
sive dilatation  of  the  peripheral  blood-vessels,  with  the  conse- 
quent increase  of  heat  loss  to  which  that  peripheral  dilatation 
of  blood-vessels  gives  rise,  and  also  lower  metabolism.  If  these 
changes  are  combined  with  exposure  to  a  low  external  tempera- 
ture, hypothermia  readily  follows.  A  large  proportion  of  those 
persons  who  are  brought  to  hospital  in  a  half-frozen  condition 
in  winter  were  drunk  at  the  time  of  exposure  to  cold ;  the 
popular  idea  that  alcohol  "  keeps  out  the  cold  "  is  a  half-truth 
and  a  highly  dangerous  one. 

The  hypothermia  which  is  often  seen  to  a  marked  extent  in 
cases  of  poisoning  by  acids  and  alkalies,  e.g.,  after  poisoning 
with  carbolic  acid,  must  probably  be  referred  more  to  shock 
produced  by  the  extensive  corrosion  of  throat  and  stomach  than 
to  the  actual  amount  of  poison  absorbed.  Shock  also  is  no 
doubt  largely  accountable  for  the  hypothermia  accompanying 
severe  cutaneous  burns. 

V.  Fever  or  Pyrexia.  —  Fever,  like  inflammation,  is  a 
clinical  term,  and  as  such  it  is  a  name  given  to  a  group  of 
symptoms.  But  it  differs  from  inflammation  in  the  fact  that 
whereas  it  is  generally  agreed  that  no  single  phenomenon  of 
inflammation  can  be  described  as  "  essential, "  in  fever,  on  the 
other  hand,  it  is  generally  agreed  that  a  rise  of  body  tempera- 
ture is  essential  to  the  existence  of  the  process. 

Now,  though  a  rise  of  temperature  is  essential  to  the  exist- 
ence of  fever,  every  rise  of  temperature  is  not  febrile.  We 
have  already  described  under  the  name  "  hyperthermia "  a 
number  of  conditions  in  which  the  body  temperature  is  raised, 
but  in  these  fever  in  a  strict  sense  is  not  present.  The 
reasons  for  separating  hyperthermia  from  pyrexia  will  be  given 
later. 

The  symptoms  which  constitute  fever,  besides  the  rise  of 
temperature,  consist  in  alterations  of  cardiac  and  respiratory 
activity,  functional  and  anatomical  alterations  in  certain  tissues, 


444 


THE  PATHOLOGY  OF  HEAT  EEGULATION. 


alterations  in  metabolism  of  a  certain  kind.  Most  of  these 
changes  are  also  found  in  hyperthermia,  but  a  few  are  apparently 
peculiar  to  fever. 

(i.)  Characters  of  the  Temperature  in  Fever. — A. 
Classification  of  Febrile  Temperatures. — The  classifica- 
tion of  febrile  temperatures  usually  adopted  is  that  suggested 
by  Wunderlich.  According  to  it  temperatures  varying  between 
37°  and  38°  C.  (98*6°  and  1004°  F.)  are  described  as  "  subfebrile  "  ; 
between  38°  and  38'5°  C.  (1004°  and  101-3°  F.)  as  " slightly 
febrile";  between  38*5°  and  39-5°  C.  (101-3°  and  1031°  F.)  as 
"moderately  febrile";  between  39-5°  and  40'5°  C.  (1031°  and 
104-9°  F.)  as  "  pronouncedly  febrile  "  or  "  highly  febrile  "  ;  while 
temperatures  above  40'5°  C.  (104-9°  F.)  are  spoken  of  as  "  hyper- 
pyrexial." 

B.  The  Stages  of  Fever. — On  examination  of  the  tempera- 
ture chart  of  a  fever  patient  who  has  been  kept  under  observa- 
tion during  the  whole  of  his  febrile  attack,  it  will  be  found  in 
the  majority  of  cases  that  the  curve  can  be  roughly  divided 
into  three  parts :  (1)  that  in  which  the  temperature  was  rising, 
(2)  that  in  which  the  temperature  maintained  a  high  but  fairly 
constant  level,  (3)  that  in  which  the  temperature  altered  its 
characters,  whether  that  alteration  was  in  the  direction  of  a  fall 
or  of  a  further  rise.  These  stages  are  seen  in  every  ordinary 
case  of  fever,  and  may  be  spoken  of  as  (1)  the  initial  stage,  (2) 
the  fastigium,  and  (3)  the  terminal  stage. 

(1)  The  Initial  Stage. — In  the  initial  stage  of  fever  one  has 
to  distinguish  between  the  internal  and  the  superficial  tempera- 
tures of  the  patient,  for  whereas  the  internal  temperature  rises, 
the  superficial  temperature  most  commonly  is  found  to  fall.  A 
fall  of  superficial  temperature,  however,  is  not  always  observed, 
for  if  the  initial  stage  be  protracted  the  fall  may  be  so  small  as 
to  escape  notice. 

The  initial  stage  is  often  marked  by  the  occurrence  of  a  rigor 
or  fit  of  shivering,  which  gives  the  impression  that  the  patient 
is  cold.  That  he  feels  cold  there  is  no  doubt,  and  the  experi- 
ments of  Maragliano  and  of  Geigel  go  far  towards  explaining 
his  sensations.    For  Maragliano  by  means  of  the  plethysmo- 
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graph  estimated  the  volume  of  the  arm  in  a  patient  during  the 
initial  stage  of  an  ague  attack,  and  found  that  the  volume  of 
the  arm  decreased;  this  decrease  must  be  ascribed  to  the 
presence  in  the  arm  of  a  smaller  amount  of  blood  than  normal. 
Geigel's  experiments  are  complementary  to  those  of  Maragliano, 
for  Geigel  showed  that  in  the  initial  stage  of  fever,  and  par- 
ticularly during  rigor,  the  surface  temperature  falls.  The 
diminished  supply  of  blood  (vaso-constriction)  and  the  fall  of 
surface  temperature  must  therefore  be  correlated  with  one 
another.  In  accordance  with  the  experiments  of  these  authors 
one  finds  the  skin  cold  and  pale,  perhaps  cyanotic  at  the 
extremities,  and  the  features  pinched  during  the  initial  stage. 
The  rigor  itself  is  nothing  more  than  a  manifestation  of  the 
natural  means  for  increasing  heat  production  in  answer  to  a 
sensation  of  superficial  cold ;  in  this  connection  it  is  important 
to  note  that  in  Maragliano's  experiments  diminution  in  volume 
of  the  arm  commenced  to  show  itself  before  the  appearance  of 
the  rigor. 

The  internal  temperature,  on  the  other  hand,  in  the  initial 
stage  of  fever  invariably  rises,  whether  gradually,  or  by  leaps 
and  bounds.  At  first  sight  this  might  be  supposed  to  depend 
upon  heat  retention  from  diminished  heat  loss,  and  no  doubt 
this  plays  its  part,  but  there  is  reason  to  believe  that  thermo- 
genesis  is  actually  increased,  but  whether  apart  from  the  in- 
creased heat  production  dependent  upon  the  muscular  contrac- 
tion occurring  during  the  rigor  is  another  question.  To  this 
point  reference  will  be  made  later. 

(2)  The  Fastigium. — The  second  stage  of  fever  follows  im- 
mediately upon  the  first ;  in  those  cases  in  which  there  has 
been  a  well-marked  rigor  it  commonly  commences  with  the 
cessation  of  shivering.  In  this  stage  the  internal  temperature 
remains  high,  but  the  superficial  temperature,  so  far  from 
remaining  low,  rises  very  rapidly,  and  the  skin  soon  yields  to 
the  touch  that  sense  of  pungent  heat  which  is  characteristic 
of  fever.  The  internal  temperature  commonly  shows  some 
approximation  to  diurnal  variations  in  that  it  is  usually 
higher  at  night  than  in  the  morning,  but  these  variations  are 
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very  irregular  and  uncertain.  It  is  possible  that  the  absence 
of  regular  diurnal  variations,  such  as  are  seen  in  health,  in  part 
depends  upon  the  fact  that  fever  patients  are  confined  to  bed 
and  are  fed  at  very  short  intervals  and  through  the  night. 
Though  the  temperature  is  fairly  constant  during  the  fastigium, 
it  is  not  absolutely  so  ;  slight  exacerbations  and  remissions  from 
time  to  time  are  very  common.  The  duration  of  the  fastigium 
is  very  variable;  in  malarial  attacks  it  may  not  last  more  than 
an  hour  or  two,  in  many  of  the  acute  fevers,  e.g.,  typhoid  fever, 
it  is  prolonged  for  two  or  three  weeks. 

(3)  The  Terminal  Stage. — The  terminal  stage  of  fever  can,  in 
some  cases,  be  sharply  separated  from  the  fastigium,  but  in 
other  cases  such  a  distinction  is  hardly  possible.  This  stage  of 
fever  presents  different  characters  according  as  it  is  accompanied 
by  (a)  a  fall,  or  (/3)  a  rise  in  the  temperature. 

(a)  When  the  terminal  stage  is  accompanied  by  a  fall  of 
temperature  it  is  often  termed  the  "  stage  of  defervescence. * 
The  fall  may  be  sudden  or  it  may  be  protracted.  When  the 
fall  is  sudden  the  fever  is  said  to  end  by  "  crisis,"  and  when  the 
fall  is  protracted,  to  end  by  "  lysis."  In  crisis  the  temperature 
of  a  patient  may  fall  perhaps  from  40*5°  C.  to  36*1°  C.  (105°  F.  to 
97°  F.)  in  twelve  hours,  or  the  fall  may  take  twenty-four  or 
even  thirty-six  hours,  but  the  fall  is  almost  if  not  quite  un- 
interrupted. In  lysis,  on  the  other  hand,  a  normal  temperature 
may  not  be  reached  for  several  days,  and  though  during  that 
time  the  general  tendency  of  the  temperature  is  downwards  in 
that  each  night  the  temperature  is  lower  than  it  was  the  pre- 
ceding night,  and  each  morning  lower  than  on  the  preceding 
morning,  yet  the  fall  is  not  uninterrupted  as  in  crisis,  but  there 
is  an  evening  rise  every  day.  In  both  crisis  and  lysis  the 
temperature  generally  continues  to  fall  somewhat  after  the 
normal  has  been  reached,  so  that  the  patient's  temperature 
becomes  subnormal  for  a  time  before  it  becomes  again  per- 
manently normal.  This  is  more  commonly  seen  in  the  case 
of  a  critical  fall  in  temperature. 

It  is  important  in  this  connection  to  note  that  a  fall  of 
temperature  in  fever   does  not  necessarily  imply  that  the 
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terminal  stage  has  been  reached,  even  though  the  fall  may  be 
as  great  and  as  rapid  as  it  is  in  crisis.  For  sudden  complica- 
tions which  supervene  during  the  fastigium,  and  which  are 
accompanied  by  shock  or  collapse,  may  lead  to  a  marked  fall  in 
temperature  owing  to  the  diminished  heat  production  and 
paralysis  of  the  thermolytic  mechanism  by  which  those  con- 
ditions are  themselves  accompanied.  Thus,  in  typhoid  fever, 
perforation  of  the  intestine  or  haemorrhage  may  occur  during  the 
latter  part  of  the  fastigium,  and  may  cause  the  temperature  of  the 
patient  to  fall  within  a  few  hours  from  perhaps  40°  C.  to  36°  C. 
(104°  F.  to  96*8°  F.)  or  lower,  and  yet  this  is  not  a  termination 
of  the  fever,  still  less  a  termination  by  crisis.  It  simply  means 
that  the  temperature  changes  peculiar  to  shock  or  collapse 
have  over-ridden  and  obscured  those  peculiar  to  the  fever.  The 
same  is  probably  also  true,  though  not  so  obvious,  in  many 
cases  in  which  a  febrile  temperature  gradually  falls  and  death 
supervenes.  Such  a  case  is  apparently  one  of  defervescence  by 
lysis,  but  since  the  disease  itself  shows  no  sign  of  retrogression, 
but  rather  of  aggravation,  in  spite  of  the  fall  in  temperature, 
we  must  probably  regard  the  fall  itself  as  a  modification  of  the 
fastigium  due  to  failing  bodily  powers  and  the  consequent 
diminution  of  thermogenesis  and  paralysis  of  thermolysis,  and 
not  as  a  true  terminal  stage.  This  explanation  derives  support 
from  the  fact  that  in  this  case,  as  in  the  case  of  a  pseudo-critical 
fall  due  to  shock  or  collapse,  the  superficial  congestion  and  pro- 
fuse sweating,  which  are  characteristic  of  the  stage  of  defer- 
vescence, are  almost  always  wanting  ;  though  a  moribund  patient 
may  be  covered  with  sweat,  it  is  a  "  cold  sweat." 

When  the  fastigium  passes  into  a  stage  in  which  the 
temperature  is  raised  with  greater  or  less  rapidity  and  with 
greater  or  less  regularity  until  death  supervenes,  it  is  common 
to  speak  of  a  termination  of  fever  by  hyperpyrexia  and  to  con- 
sider the  hyperpyrexial  stage  as  a  terminal  stage  comparable 
with  the  stage  of  defervescence  by  crisis  or  by  lysis.  This 
view  is  probably  justifiable,  for  fever  itself  must  be  regarded 
as  a  special  reaction  of  the  heat  mechanism  to  a  definite 
stimulus,  and  if  defervescence  is  cessation  of  the  special  heat 
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reaction  following  cessation  of  the  stimulus,  the  logical  sequence 
of  continued  and  increased  action  of  the  stimulus  is  continued 
and  increased  reaction  of  the  heat  mechanism,  i.e.,  hyperpyrexia. 
Practically  and  theoretically,  therefore,  hyperpyrexia  must  be 
regarded  as  the  exact  converse  of  defervescence.  Indeed,  were  it 
not  that  the  terms  "  crisis  "  and  "  lysis  "  are  themselves  bad,  and 
were  there  in  addition  no  etymological  objections,  one  might  even 
speak  of  "  hyperpyrexia  by  crisis  "  and  "  hyperpyrexia  by  lysis," 
for  the  temperature  may  rise  almost,  if  not  quite,  uninterruptedly 
until  within  a  few  hours  it  is  4°-5°  C.  above  normal,  or  the  rise 
may  be  interrupted  and  gradual  and  extend  over  several  days. 

The  rise  of  temperature  which  we  are  now  describiug  in- 
cludes the  truly  febrile  portion  of  Wunderlich's  "  agonal " 
elevation  of  temperature,  in  contradistinction  to  the  hyper- 
thermic portion  which  has  already  been  mentioned  (p.  439). 
Ilyperpyrexial  temperatures  are  rarely  so  high  as  hyperthermic 
temperatures,  probably  because  a  patient  in  whom  hyperpyrexia 
supervenes  is  already  weakened  by  the  febrile  disease,  and 
succumbs  to  a  heightened  temperature  more  easily ;  the  hyper- 
thermic person,  on  the  other  hand,  has  generally  been  in  a  fair 
or  good  state  of  health  previous  to  the  rise  of  temperature. 
Hyperpyrexial  temperatures  of  41°-41'5°  C.  (105-8°-106-7°  F.) 
are  almost  invariably  fatal,  but  though  in  hyperthermia  such 
temperatures  are  highly  dangerous  they  are  by  no  means  neces- 
sarily fatal.  Instances  of  recovery  after  sunstroke  when  the 
body  temperature  has  reached  43°  C.  (1094°  F.)  are  not  un- 
known. 

(ii.)  Anatomical  Changes  in  Fever. — The  effects  of  a 
febrile  disease  upon  the  system  are  a  combination  of  the  effects 
of  the  disease  itself  together  with  the  effects  of  the  high 
temperature  which  accompanies  that  disease.  These  effects 
are  often  very  difficult  to  separate,  and  deductions  as  to  the 
results  of  a  febrile  temperature  are  generally  made  from  con- 
sideration of  the  results  of  hyperthermia.  Such  a  course  is 
hardly  justifiable,  since  the  causes  of  hyperthermia  and  of 
pyrexia  are  different,  and  since  in  all  probability  the  processes 
concerned  in  the  two  forms  of  elevation  of  temperature  are 
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different  also.  Nevertheless  some  of  the  deductions  made  are 
probably  correct. 

The  anatomical  changes  that  can  be  ascribed  to  the  action  of 
a  high  febrile  temperature  itself  are  very  few ;  the  most  evident 
is  wasting,  which  affects  not  only  the  fat  but  also  the  proteid 
elements  of  the  body.  This  wasting  is  to  be  correlated  with 
certain  metabolic  changes  that  will  be  noted  later.  Another 
anatomical  change  very  frequently  seen  in  febrile  disease  affects 
the  tongue.  The  tongue  in  disease  has  been  carefully  examined 
by  Howship  Dickinson,  and  he  finds  that  the  characteristic 
appearances  of  the  tongue  in  various  stages  of  acute  disease 
are  accompanied  by  variations  in  the  amount  of  epithelium 
present.  In  a  comparatively  early  stage  of  fever  the  epi- 
thelium is  greatly  increased  in  thickness,  and  this  gives  rise 
to  the  "  coated "  or  "  stippled  "  tongue ;  later,  the  amount  of 
epithelium  is  still  further  increased,  and  the  epithelium  fills 
up  the  interspaces  between  the  papillae,  giving  rise  to  the 
"  plastered  "  tongue  ;  still  later,  this  mass  of  epithelium  peels  off 
and  yields  the  "  red,  denuded  "  tongue  in  which  the  papillae  are 
left  bare  and  injected,  or^  if  the  patient  is  becoming  convales- 
cent, the  epithelial  mass  is  gradually  softened  by  the  saliva  and 
removed  from  before  backwards,  leaving  a  "  cleaning "  tongue 
with  a  normal  amount  of  young  epithelium  over  the  papilla?. 
Dickinson  brings  forward  reasons  for  believing  that  this  collec- 
tion of  epithelium  on  the  tongue  is  due  not  only  to  deficient 
removal  but  also  to  increased  proliferation.  Though  closely 
bound  up  with  fever,  this  condition  of  the  tongue  is  not  solely 
dependent  upon  fever,  for  in  about  one- third  of  the  number  of 
cases  in  which  the  tongue  was  found  to  be  coated,  the  tempera- 
ture was  normal  or  subnormal.  Eeference  will  be  made 
below  to  the  dryness  of  the  tongue  in  fever. 

To  the  fever  itself  one  must  probably  also  ascribe  a  part  of 
the  "  cloudy  swelling "  which  affects  glandular  and  muscular 
cells,  for  cloudy  swelling  is  more  commonly  seen  in  diseases 
that  are  accompanied  by  a  high  temperature  than  in  those  in 
which  the  temperature  is  low.  Nevertheless,  the  fact  that  it  is 
also  found  in  infections  where  the  disease  has  been  accompanied 
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by  great  prostration  and  a  low  temperature,  seems  to  show 
that  part  of  the  change  is  independent  of  the  pyrexia.  Nor  is 
the  fact  that  hyperthermic  elevation  of  temperature  leads  to 
fatty  changes  in  the  same  tissues  of  great  assistance,  for  the 
granules  in  cloudy  swelling  are  not  fatty.  It  is  generally  held, 
however,  that  the  cloudy  swelling  of  pyrexial  disease  and  the 
fatty  changes  of  hyperthermia  are  to  be  associated,  and  many 
authors  hold  that  cloudy  swelling  is  a  transitional  stage  in  the 
pathological  conversion  of  proteid  into  fat.  It  is  certainly  in 
favour  of  this  view  that  cloudy  swelling  is  most  commonly  seen 
in  rapidly  fatal  and  acute  pyrexial  disorders,  fatty  changes  in 
chronic  pyrexial  disorders. 

Though  hardly  an  anatomical  change,  we  must  probably  also 
ascribe  to  the  fever  itself  the  oligoplasmia  which,  according  to 
some  authors,  is  frequently  seen  in  febrile  disease.  Von  Lim- 
beck and  Steindler  found  that  the  mean  volume  of  the  serum 
in  the  defibrinated  blood  of  three  non-febrile  persons  was  72'6 
per  cent.,  but  that  in  eight  highly  febrile  patients  the  mean 
volume  of  serum  was  only  54*8  per  cent.  Their  results  have, 
however,  been  referred  by  Biernacki  to  faulty  methods. 

An  important  change  of  the  blood-plasma  in  fever  is  an 
alteration  in  its  alkalinity.  It  has  long  been  known  that  the 
blood  in  fever  holds  a  smaller  amount  of  carbonic  acid  than 
normal,  and  Minkowski  found  lactic  acid  in  the  blood  of  dogs 
in  which  fever  had  been  experimentally  induced.  These  factors 
must  no  doubt  be  associated  with  the  diminished  alkalinity 
which  has  been  found  to  exist  in  many  cases  of  fever.  The 
amount  of  diminution  varies  considerably  in  different  cases,  but 
roughly  speaking  the  amount  of  diminution  is  greater  the  more 
severe  the  disease ;  whether  it  stands  in  any  definite  relation  to 
the  height  of  the  temperature  is  doubtful.  The  diminution  in 
alkalinity  persists  after  the  fall  of  temperature  in  the  terminal 
stage,  and  the  normal  level  is  only  reached  during  convalescence  ; 
it  is  uninfluenced  by  any  lowering  of  temperature  brought 
about  by  antipyretic  drugs.  The  cause  of  this  change  is  quite 
unknown,  though  suggestions  have  been  made  that  it  depends 
upon  altered  tissue  metabolism  induced  by  fever,  upon  acid 
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substances  formed  by  micro-organisms,  upon  the  formation  of 
acid  by-products  during  the  disintegration  of  protoplasm  that 
has  been  killed  by  bacterial  toxins.  But  whatever  the  true 
explanation  may  be,  it  is  probable  that  the  change  is  highly 
important  for  the  organism,  for  it  is  an  unfavourable  sign  in 
febrile  disease,  and  it  is  known  that  diminished  alkalinity  of 
the  blood  goes  hand  in  hand  with  increased  susceptibility  to 
infection.  In  hyperthermia,  whether  caused  by  puncture  of 
the  corpus  striatum  or  by  exposure  to  high  external  tempera- 
ture, the  alkalinity  of  the  blood  is  not  diminished  or  is  dimin- 
ished to  so  slight  a  degree  that  it  may  be  neglected. 

Besides  a  diminution  in  alkalinity,  an  increase  in  alkalinity  of 
the  blood  in  fever  has  also  been  described.  Biernacki  indeed  is 
inclined  to  consider  that  in  man  an  increase  is  more  common  than 
a  diminution  in  alkalinity.  According  to  Lowit  this  increase  of 
alkalinity  is  often  seen  in  an  early  stage  of  febrile  disease,  though 
it  may  give  place  to  a  diminution  in  alkalinity  later.  According 
to  Lowy  and  Eichter  the  increase  of  alkalinity  goes  hand  in  hand 
with  a  diminution  in  the  number  of  leucocytes  in  the  blood, 
and  can  be  brought  out  by  a  variety  of  substances  which  lead 
to  hypo-leucocytosis,  but  this  has  been  denied  by  other  investi- 
gators. It  is  needless  to  point  out  that  if  we  are  to  regard  a 
diminution  in  alkalinity  of  the  blood  as  important  from  the 
aspect  of  susceptibility,  we  must  probably  also  regard  an  in- 
crease in  alkalinity  as  important  from  the  aspect  of  immunity. 
The  coagulability  of  the  blood  in  fever  may  either  be  increased 
or  diminished,  but  enough  has  already  been  said  in  Chapter  V. 
upon  the  subject  of  coagulation  to  render  further  remarks  un- 
necessary here. 

Changes  in  the  number  of  red  blood-corpuscles  present  in 
the  blood  during  febrile  disease  are  very  common,  but  there 
appears  to  be  no  definite  rule  as  to  the  direction  taken  by  those 
changes;  sometimes  the  number  of  corpuscles  is  normal,  some- 
times it  is  diminished,  sometimes  increased.  But  in  spite  of 
any  intermediate  variations  that  may  have  been  undergone,  the 
number  of  red  blood-corpuscles  decreases  in  cases  of  long  con- 
tinued fever.    This  seems  to  indicate  that  in  fever  there  is  a 
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destruction  of  red  blood- corpuscles,  and,  as  will  be  seen  later,  the 
urine  contains  substances  that  can  well  be  explained  upon  this 
supposition;  but  Naunyn  and  Minkowski  have  found  that  in 
rabbits  and  dogs,  the  temperature  of  which  had  been  raised  to 
42°  C.  (107*6°  F.)  by  keeping  them  in  a  warm  chamber,  the  blood- 
serum  shows  no  trace  of  dissolved  haemoglobin.  In  man,  it  is 
generally  agreed  that  there  is  oligocythemia  in  febrile  disease, 
but  the  factors  concerned  are  so  numerous  that  it  is  hardly 
justifiable  to  ascribe  the  oligocythemia  to  the  fever  alone, 
much  less  to  ascribe  it  to  destruction  of  corpuscles.  Naunyn 
indeed  considers  that  the  differences  in  numbers  of  corpuscles 
depend  more  upon  differences  in  the  distribution  of  the  blood  in 
the  body,  and  it  is  important  to  note  that  Breitenstein  found  in 
hyperthermic  animals  a  marked  diminution  in  the  number  of 
red  blood-corpuscles  present  in  the  blood  of  the  peripheral 
vessels,  together  with  a  marked  increase  in  their  number  in  the 
hepatic  vessels.  Nevertheless  we  are  probably  safe  in  saying 
that  in  febrile  disease  there  is  destruction  of  red  blood-cor- 
puscles. Changes  in  the  numbers  and  characters  of  leucocytes 
have  been  already  so  fully  described  along  with  inflammation 
that  they  call  for  no  further  remark. 

(iii.)  Functional  Changes  in  Fever. — Difficult  as  it  is  to 
separate  the  anatomical  effects  of  fever  itself  from  the  effects  of 
the  disease  which  causes  the  fever,  it  is  even  more  difficult,  and 
in  many  cases  it  is  at  present  quite  impossible,  to  separate  their 
effects  upon  function.  The  following  are  some  examples  of  this 
difficulty.  The  disordered  kidney  function  which  leads  to 
albuminuria  is  associated  with  cloudy  swelling  of  the  organ, 
and  since  we  are  unable  as  yet  to  decide  how  far  the  cloudy 
swelling  is  dependent  upon  pyrexia,  how  far  dependent  upon 
the  cause  of  the  disease,  we  cannot  dogmatise  concerning  the 
function ;  probably,  however,  both  factors  are  of  importance. 
The  increased  rate  of  respiration  seen  in  febrile  disease  may  in 
part  depend  upon  the  overheated  condition  of  the  blood,  for  it 
has  been  found  that  if  the  blood  supplied  to  the  brain  by  the 
carotid  is  artificially  heated,  respirations  are  increased  in  fre- 
quency ;  but  the  mere  mention  of  acute  pneumonia  is  sufficient 
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to  show  that  the  modification  of  respiration  may  depend  upon 
alterations  essentially  due  to  the  disease  itself.  The  increased 
rate  of  heart  beat  may  depend  upon  the  fever,  for  heat  increases 
the  rate  of  heart's  beat  (Cyon),  but  it  may  also  depend  upon 
myocardial  changes  (such  as  those  described  by  Scagliosi  and 
others  in  diphtheria),  or  nervous  changes  brought  about  by 
the  disease  quite  apart  from  the  temperature.  The  nervous 
symptoms  (delirium,  stupor,  coma,  etc.)  seem  to  be  entirely 
dependent  upon  the  rise  of  temperature,  for  along  with  the 
lowering  of  temperature  which  occurs  when  a  hyperpyrexia  1 
patient  is  treated  by  the  cold  bath,  there  comes  a  surprising 
improvement  in  mental  condition,  which  disappears  if  the 
temperature  again  rises  after  the  patient  has  been  removed 
from  the  bath.  But  as  Cohnheim  remarks,1  "  it  is  hard  to  say 
how  much  of  this  effect  should  be  attributed  to  the  cooling  and 
how  much  to  the  improvement  in  the  circulation  and  rise  of 
blood-pressure,  brought  about  by  the  bath."  These  examples 
are  sufficient  to  show  that  it  is  impossible  at  present  to  discuss 
the  effects  of  fever  upon  function  if  we  use  the  term  "  fever  "  in 
a  strict  sense.  In  the  following  remarks,  therefore,  no  such 
attempt  will  be  made,  and  the  changes  in  function  described 
are  those  seen  in  febrile  disease. 

(a)  The  Heart  and  Circulation. — In  febrile  disease  the  rate  of 
heart  beat  is  increased  and  the  pulse  may  be  so  rapid  as  to  be 
impossible  to  count.  According  to  the  observations  of  Lieber- 
meister  the  number  of  heart  beats  per  minute  rises  by  eight 
with  every  rise  of  1°  C.  in  the  temperature  (four  and  a  half  for 
every  1°  F.),  but  though  this  "  law  "  is  roughly  true  it  has  many 
exceptions.  With  regard  to  the  cause  of  this  increased  fre- 
quency of  heart  beat  in  fever,  Fredericq  found  that  in  febrile 
rabbits  the  rate  of  heart  beat  is  not  increased;  since  in  the 
rabbit  the  vagus  has  no  tonic  action  upon  the  heart,  Fredericq 
is  inclined  to  refer  febrile  increase  of  heart  beat  to  removal  of 
cardio-inhibitory  tone.  With  the  increase  of  rate  there  also  goes 
an  alteration  in  duration  of  the  systole  and  diastole ;  both  of 
these  are  shortened  but  the  diastole  to  a  greater  extent  than 

1  Page  1404,  New  Syd.  Soc.  Trans. 
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the  systole.  Concerning  the  blood-pressure  but  little  is  known, 
and  the  statements  that  have  been  made  are  very  conflicting. 
Towards  the  end  of  a  febrile  disease  it  is  not  unreasonable  to 
expect  that  the  blood-pressure  would  be  low,  and  the  running, 
weak  pulse  that  is  then  present  may  probably  be  taken  as  a 
sign  of  a  low  blood-pressure.  The  condition  of  the  blood-vessels 
themselves  is  modified  in  febrile  disease,  for  a  difference  obtains 
between  the  reaction  of  the  cutaneous  blood-vessels  to  stimuli  in 
health  and  in  fever;  thus  slight  cutaneous  stimulation,  e.g., 
stroking  with  the  finger-nail,  will  lead  to  a  marked  and  wide- 
spread pallor  lasting  several  minutes  in  a  fever  patient,  whereas 
in  a  healthy  person  such  a  stimulus  is  almost  without  effect. 
Whether  this  difference  depends  upon  local  or  upon  central 
causes  or  upon  both  it  is  impossible  to  say,  but  that  the  blood- 
vessels are  themselves  altered  in  febrile  disease  is  shown  by  the 
frequency  with  which  petechial  haemorrhages  are  seen. 

(b)  Respiration. — Eespiration  in  febrile  patients  is  quickened, 
and  the  individual  respirations  are  sometimes  shallower,  some- 
times deeper  than  normal.  The  rate  of  respiration  in  fever  is 
rarely  so  great  as  it  is  in  hyperthermia.  The  normal  ratio 
between  rate  of  respiration  and  rate  of  heart  beat  (1 :  3-4)  is 
generally  maintained  in  fever,  unless,  as  in  the  case  of  acute 
pneumonia,  special  conditions  lead  to  a  special  rate  of  respira- 
tion. With  an  increase  in  the  rate  of  respiration  there  is  also 
a  tendency  for  the  extraordinary  muscles  of  respiration  to  be 
brought  into  play;  the  dilatation  of  the  alse  nasi  with  each 
inspiration  in  pneumonia  is  very  characteristic. 

(c)  Glandular  Secretions. — The  glandular  secretions  are  in 
many  cases  profoundly  altered  during  febrile  disease.  The 
secretion  of  saliva  is  diminished  and,  as  Dickinson  has  shown, 
placing  upon  the  tongue  a  drop  of  dilute  acetic  acid,  which 
normally  leads  to  a  profuse  flow  of  saliva  from  Steno's  duct,  in 
febrile  patients  is  followed  by  only  a  small  flow  or  by  no  flow  at 
all.  A  diminution  in  the  amount  of  gastric  juice  secreted  also 
occurs  in  fever,  and  it  has  been  shown  by  many  authors  that 
such  gastric  juice  as  is  secreted  contains  a  smaller  percentage  of 
acid  than  normal ;  the  amount  of  pepsin  present  seems  to  be  less 
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altered.  Less  bile  than  normal  is  secreted  in  fever,  and  its 
characters  become  altered;  it  becomes  thick  from  the  greater 
amount  of  mucus  which  it  holds  and  darker  in  colour  from  the 
presence  of  a  greater  amount  of  bile  pigment.  It  is  probably  to 
these  alterations  in  the  digestive  secretions  that  the  failure  of 
appetite  (anorexia)  and  the  dyspepsia  of  fever  patients  are  due. 
The  mammary  secretion  in  puerperal  women  attacked  by  any 
febrile  process  commonly  diminishes  or  ceases  entirely  and  the 
milk  itself  undergoes  change,  judging  from  the  ill-effects  produced 
upon  an  infant  by  feeding  with  the  milk  of  a  feverish  mother. 

The  secretion  of  sweat  in  febrile  patients  shows  marked 
differences  according  to  the  stage  of  fever  under  observation. 
In  the  initial  stage  it  is  greatly  diminished  if  not  entirely  sup- 
pressed; during  the  fastigium  it  is  sometimes  diminished  and 
sometimes  increased,  but  in  any  case  the  skin  itself  during  this 
stage  is  usually  dry ;  sometimes  the  sweat  collects  beneath  the 
surface  of  the  skin  and  forms  small  vesicles  known  as  "  suda- 
mina";  in  the  terminal  stage,  unless  it  be  hyperpyrexia!,  sweating 
is  enormously  increased,  and  from  this  fact  the  terminal  stage  of 
fever  has  been  called  the  "  sweating "  stage,  a  term  that  is  still 
used  in  descriptions  of  an  ague-fit.  The  occurrence  of  sweating 
in  the  terminal  stage  is  best  seen  in  those  cases  in  which  the 
temperature  falls  by  crisis ;  the  amount  of  fluid  then  secreted  is 
often  sufficient  to  saturate  the  blanket  on  which  the  patient  lies. 
In  defervescence  by  lysis  sweating  is  not  increased  to  so  obvious  an 
extent,  but  the  general  moisture  of  the  skin,  which  is  in  marked, 
contrast  to  the  dryness  obtaining  during  the  fastigium,  shows! 
that  the  amount  of  secretion  is  increased.  The  statements  made 
above  are  general  only,  for  few  exact  measurements  have  been 
made  upon  the  point :  the  chief  are  those  upon  which  Hale  White 
based  the  conclusions  given  in  his  Croonian  Lectures.  In  hyper- 
pyrexia there  may  be  sweating,  but  a  dry  skin  is  far  mora 
common.  The  secretion  of  sweat  in  the  terminal  stage  of  fever 
was  considered  by  Cohnheim  to  be  dependent  upon  the  vaso- 
dilatation which  is  also  present  in  this  stage,  but  it  is  more 
probable  that  the  two  phenomena  are  collateral  results  of  a 
central  modification  than  that  the  one  is  directly  dependent 
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upon  the  other ;  little  was  known  concerning  the  hidrotic  nerves 
at  the  time  at  which  Cohnheim  wrote.  The  characters  of  the 
sweat  may  at  times  undergo  alteration  as  well  as  its  quantity ;  in 
acute  rheumatism,  for  example,  it  has  a  peculiarly  sour  smell 
and  is  highly  acid. 

The  kidneys  are  probably  not  greatly  altered  so  far  as  their 
functions  are  concerned,  unless  they  are  the  seat  of  some  ana- 
tomical change,  and  such  alterations  as  undoubtedly  appear  in 
the  urine  are  in  all  probability  due  rather  to  alterations  in  blood- 
pressure  and  in  the  blood  presented  to  the  kidneys  than  to 
differences  in  the  way  that  the  kidneys  deal  with  that  blood. 
In  an  ague- fit,  which  has  a  characteristic  initial  stage,  fastigium, 
and  critical  defervescence,  we  find  that  the  amount  and  characters 
of  the  urine  vary  in  the  different  stages  of  the  fever.  In  the 
initial  stage  there  is  an  increased  flow  of  pale  but  highly  acid 
urine,  which  is  of  low  specific  gravity  but  which  contains  a 
greater  amount  of  urea  and  of  sodium  chloride  than  normal ; 
this  increase  in  amount  of  urine  must  be  regarded  as,  in  part, 
dependent  upon  the  increased  blood-pressure  that  must  result 
from  the  constriction  of  the  cutaneous  blood-vessels,  and  in  part, 
as  evidence  of  that  correlation  between  skin  function  and  renal 
function  which  is  well  known  to  exist.  During  the  fastigium,  in 
spite  of  the  large  quantities  of  fluid  imbibed,  the  amount  of  urine 
is  diminished,  the  specific  gravity  is  increased,  and  the  fluid  is 
high-coloured  and  concentrated ;  this  diminution  must,  in  part  at 
all  events,  be  attributed  to  the  greater  amount  of  water  lost  by 
the  lungs  and  skin  in  this  stage.  During  the  stage  of  defer- 
vescence the  amount  of  urine  is  greatly  diminished,  its  specific 
gravity  is  very  high,  it  is  high  coloured,  and  it  deposits  large 
quantities  of  urates  on  cooling ;  this  diminution  must  be  corre- 
lated with  the  large  quantity  of  water  excreted  by  the  sweat 
glands  in  this  stage  of  the  fever.  These  changes  in  amount  of 
urine  are  fairly  characteristic  of  all  varieties  of  febrile  disease, 
and  it  may  be  stated  generally  that  during  the  initial  stage  more 
urine  than  normal  is  excreted,  during  the  fastigium  less  than 
normal,  and  during  defervescence  much  less  than  normal. 

The  meaning  of  the  increased  excretion   of  nitrogenous 
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metabolites  will  be  considered  later,  but  certain  of  the  other 
characteristics  of  febrile  urine  may  be  dealt  with  here.  The 
fact  that  febrile  urine  usually  contains  a  greater  amount  of 
potassium  salts  than  normal  (Salkowski)  must  almost  with 
certainty  be  referred  to  the  diminution  in  numbers  of  red  blood- 
corpuscles  that  is  known  (at  least  in  some  cases)  to  take  place 
in  the  blood.  With  this  diminution  in  numbers  of  red  blood- 
corpuscles  must  also  be  associated  the  high  colour  of  febrile 
urine,  though  perhaps  only  in  part,  for  there  is  reason  to 
believe  that  the  urinary  pigments,  both  in  health  and  in 
disease,  are  not  exclusively  derived  from  direct  changes  in 
blood-pigment.  The  sodium  salts  in  febrile  urine — unlike  the 
potassium  salts — are  diminished,  and  in  convalescence  the 
contrast  between  the  two  kinds  of  alkaline  salts  is  still  main- 
tained though  in  the  opposite  direction,  for  the  excretion  of 
potassium  salts  diminishes  in  convalescence,  whereas  the  ex- 
cretion of  sodium  salts  increases.  The  chlorides  of  the  urine 
are  generally  diminished  in  febrile  disease ;  in  pneumonia,  for 
example,  they  may  be  almost  completely  wanting.  The  ex- 
planation of  this  fact  is  uncertain ;  Eohmann,  finding  that 
chlorides  given  in  the  food  are  not  found  either  in  faeces  or  in 
urine,  concluded  that  they  are  retained  within  the  body  and 
enter  into  a  somewhat  stable  composition  with  the  proteids  of 
the  blood-plasma.  Be  this  as  it  may,  the  amount  of  chlorides 
present  in  febrile  blood  is  diminished,  and  wTith  it  the  diminished 
excretion  of  chlorides  by  the  kidneys  must  be  bound  up.  Since 
the  diminution  in  excretion  of  chlorides  is  noticed  long  before 
the  sweating  stage  comes  on,  an  explanation  must  not  be  looked 
for  in  this  direction. 

Besides  the  changes  mentioned  above,  it  is  not  uncommon  to 
find  small  or  sometimes  large  quantities  of  albumin  (serum 
albumin  and  serum  globulin)  in  the  urine  of  febrile  patients.  In 
many  cases  this  does  not  depend  upon  the  fever  as  such  but  upon 
some  change  induced  by  the  disease  which  leads  to  the  fever ; 
thus  in  tuberculosis  of  the  lung  we  may  have  a  highly  febrile 
temperature  and  much  albumin  in  the  urine,  but  the  presence 
of  albumin  will  probably  be  due  to  lardaceous  disease  of  the 
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kidney.  So  also  in  scarlatina  and  diphtheria,  the  albumin 
often  present  in  the  urine  is  to  be  ascribed  to  kidney  changes 
induced  by  the  scarlatina  or  the  diphtheria  poison  and  not  to 
the  temperature.  Albumoses  are  often  found  in  the  urine  of 
patients  in  whom,  from  one  cause  or  other,  destruction  of  tissue 
is  going  on ;  thus  it  occurs  during  puerperal  involution  of  the 
uterus,  in  patients  convalescing  from  croupous  pneumonia,  in 
patients  who  are  subjects  of  large  abscesses,  etc.  Other  altera- 
tions in  the  constituents  of  the  urine  have  been  described,  but 
they  can  only  be  mentioned;  acetone  (also  found  in  minute 
quantities  in  normal  urine  and  in  urine  of  persons  suffering 
from  cancer),  diacetic  acid  (doubtfully  piesent  in  normal  urine), 
and  oxybutyria  acid  (absent  from  normal  urine)  have  been 
found  in  febrile  urine  ;  the  sulphates  are  increased,  and  a  larger 
amount  of  phosphorus  is  excreted  than  normal,  a  fact  that  is  of 
importance  in  reference  to  the  origin  of  the  excess  of  nitrogen 
present  in  febrile  urine. 

Though  the  liver  is  the  largest  gland  in  the  body,  we  are 
practically  in  complete  ignorance  as  to  the  changes  in  its  meta- 
bolism induced  by  fever.  This  ignorance  is  intelligible  when 
we  remember  the  experimental  difficulties  in  the  way  of  re- 
search upon  the  organ,  and  the  doubt  that  still  exists  as  to 
many  of  its  functions  even  in  health,  but  it  is  highly  probable 
that  investigation  of  the  subject  would  bring  to  light  facts  of 
profound  importance. 

(d)  The  Nervous  System. — With  regard  to  the  functions 
of  the  nervous  system  very  little  can  be  said  more  than  that 
they  are  generally  modified  to  a  greater  or  less  extent.  The 
intellect  is  disordered,  either  being  clouded  or  being  abnormally 
active  on  abnormal  lines,  and  hallucinations  are  not  uncommon. 
When  febrile  disease  has  been  prolonged,  cutaneous  reflexes  may 
be  abolished  and  involuntary  evacuation  or  definite  incontinence 
of  urine  and  faeces  may  occur.  The  processes  going  on  in  the 
cardiac  and  vaso-motor  centres  are  also  abnormal,  though  no 
doubt  the  impulses  discharged  by  these  centres  reach  abnormal 
heart  muscle  and  abnormal  blood-vessel  walls.  Whether  the 
injurious  agent  be  the  rise  of  temperature  alone  or  the  cause  of 
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the  disease  alone,  or  both  combined,  there  is  no  doubt  that  the 
functions  of  the  central  nervous  system  are  deranged  in  febrile 
disease. 

(iv.)  The  Metabolism  in  Fever. — The  metabolism  in  fever 
must  be  considered  from  the  points  of  view  of  (a)  the  respiratory 
exchange,  (b)  the  discharge  of  nitrogen. 

(a)  The  Respiratory  Exchange. — It  has  already  been  stated 
that  though  in  fever  the  rate  of  respiration  is  increased,  the  depth 
of  each  inspiration  may  be  increased  or  diminished  ;  in  any  case, 
however,  respiratory  activity  is  increased.  From  the  experi- 
ments of  Lowy  and  of  Kraus  it  has  been  shown  that  the  intake 
of  oxygen  and  the  output  of  carbonic  acid  is  increased  during 
the  initial  stage  of  fever.  This  limitation  of  the  period  during 
which  there  is  an  increase  in  the  intake  of  oxygen  and  output 
of  carbonic  acid  (respiratory  exchange)  to  the  period  during 
which  the  temperature  of  the  patient  is  rising,  is  so  strict  that 
it  has  led  Lowy  to  the  belief  that  the  increase  of  respiratory 
exchange  is  dependent  solely  upon  the  muscular  contractions 
that  occur  during  this  period,  especially  if  it  be  accompanied 
by  a  rigor.  Though  the  carbonic  acid  and  the  oxygen  are  both 
increased,  the  respiratory  quotient  generally  remains  unaltered. 
During  the  later  stages  of  fever  the  intake  of  oxygen  and  the 
output  of  carbonic  acid  are  less  than  during  the  initial  stage, 
and  the  respiratory  quotient  may  remain  constant  or  may  fall 
somewhat,  nevertheless  none  of  these  values  are  greater  or  less 
than  they  are  for  a  healthy  man  on  the  same  diet  and  under 
the  same  conditions  as  to  muscular  exertion.1  So  far  as 
oxidative  processes  are  concerned,  therefore,  the  fevered  and  the 
non-fevered  person  do  not  differ  except  in  respect  of  conditions 
implying  an  increase  of  muscular  activity. 

(b)  The  Discharge  of  Nitrogen. — The  fact  that  in  fever  the 
output  of  nitrogen  by  the  kidneys  is  equal  to  or  even  greater 
than  in  health  was  discovered  by  Traube  in  1855.    Since  that 

1  It  must  be  remembered  that  the  great  rapidity  of  heart  beat  and  of  respira- 
tion in  a  fever  patient  imply  greater  muscular  exertion,  and  consequently  that  his 
respiratory  exchange  must  be  expected  to  exceed  somewhat  that  of  a  healthy 
person  at  rest  even  if  the  diets  of  both  be  exactly  similar. 
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time  the  subject  has  been  investigated  by  many  authors,  and  it 
may  be  stated  generally  that  (1)  the  output  of  nitrogen  in  fever 
is  far  greater  than  it  is  for  a  healthy  person  on  fever  diet,  and 
(2)  the  increase  in  nitrogen  output  begins  before  the  tempera- 
ture rises,  is  at  its  maximum  at  an  early  period  of  the  fastigium, 
and,  in  those  cases  which  end  by  crisis,  often  shows  an 
epicritical  increase.  Now  in  the  urine  we  obtain  practically 
the  whole  of  the  nitrogen  excreted  by  the  body  as  the  result 
of  its  metabolic  processes,  for  loss  by  other  ways  is  so  small  that 
it  may  be  neglected;  and  since  the  nitrogen  of  the  urine  is 
only  derived  from  proteid  metabolism  it  follows  that  an  in- 
crease in  the  amount  of  nitrogen  present  in  the  urine  signifies 
an  increase  of  proteid  destruction  in  the  body.1  Hence  examina- 
tion of  the  urine  of  a  fevered  person  teaches  us  that  a  greater 
destruction  of  proteid  goes  on  in  his  body  than  in  the  body  of  a 
healthy  person  under  similar  conditions  as  to  diet  and  exercise, 
a  fact  of  which  the  weighing  scales  give  evidence,  for  the  fevered 
person  wastes  more  rapidly  than  the  starving  person.  Experi- 
mentally, the  truth  of  this  statement  has  been  proved  in  the 
case  of  the  rabbit  by  May,  who  found  that  the  nitrogenous 
metabolism  of  the  fevered  rabbit  is  about  25  per  cent,  greater 
than  that  of  the  same  animal  in  health  and  upon  the  same  diet. 

In  health  the  nitrogen  of  the  urine  is  divided  amongst 
various  substances  ;  urea  accounts  for  84-87  per  cent.,  ammonia 
salts  for  2-5  per  cent.,  uric  acid  for  1-3  per  cent.,  and 
various  extractives  (xanthin  bodies,  kreatinin,  etc.)  account  for 
7-10  per  cent.  (Pfliiger).  These  substances  are  all  derived  from 
disintegration  of  proteid,  but  so  far  as  their  origin  is  concerned 
they  must  be  divided  into  two  large  groups  :  the  urea  group 
and  the  uric  acid  group.  The  urea  group  contains  urea  alone 
and  is  derived  from  proteid  generally — apart  from  nucleo- 
proteids;  the  uric  acid  group  contains  uric  acid,  xanthin, 
hypoxanthin,  sarkin,  and  other  bodies  closely  allied  to  uric  acid, 
and  is  usually  regarded  as  being  derived  from  nucleo-proteids. 

1  Such  an  increase  might  depend  upon  removal  of  an  amount  previously  stored 
in  the  tissues,  and  probably  this  accounts  in  part  for  the  epicritical  increase,  but 
the  statement  made  in  the  text  is  correct  for  all  practical  purposes. 
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The  total  amount  of  nitrogen  excreted  in  members  of  the  uric 
acid  group  bears  a  very  constant  relation  to  the  amount  of 
nitrogen  excreted  in  urea,  and  hence  we  may  conclude  that 
there  is  normally  a  parallelism  between  the  destruction  of 
nucleo-proteids  and  of  other  proteids.  But  though  the  relative 
amount  of  nitrogen  excreted  in  members  of  the  uric  acid  group 
is  practically  constant,  the  absolute  amount  is  very  variable, 
and  since  the  amount  of  uric  acid  itself  excreted  in  health  is 
very  fairly  constant,  such  variations  in  absolute  amount  must 
depend  upon  variations  in  the  excretion  of  bodies  belonging  to 
the  uric  acid  group  other  than  uric  acid  itself  (xanthin  bases). 

In  fever  the  nitrogen  derived  from  both  sources  is  increased, 
but  apart  from  complications  the  general  relation  between  the 
excretion  of  the  two  groups  is  the  same  as  in  health  ;  certain 
modifications,  however,  are  introduced.  In  the  first  place,  the 
excretion  of  ammonia  salts  is  increased  not  only  absolutely  but 
also  relatively,  and  the  increase  takes  place  at  the  expense  of 
the  urea.  In  the  second  place,  the  greater  amount  of  nitrogen 
excreted  in  members  of  the  uric  acid  group  almost  entirely 
depends  upon  an  increase  in  the  amount  of  uric  acid  excretion : 
the  excretion  of  xanthin  bases  is  practically  unaltered.  This  is 
exactly  opposite  to  what  obtains  in  health. 

In  fever,  therefore,  there  is  an  excessive  destruction  of 
albumin  and  of  nucleo-proteid,  the  former  going  to  produce 
urea,  the  latter  to  produce  uric  acid.  With  regard  to  the  origin 
of  the  uric  acid,  it  is  probable  that  it  is  derived  in  large  part 
from  disintegration  of  leucocytes,  for  Horbaczewski  has  shown 
that  increase  of  uric  acid  excretion  especially  occurs  when  there 
is  leucocytosis  and  breaking  down  of  leucocytes.  Moreover  the 
increase  of  phosphorus  in  febrile  urine,  considered  along  with 
the  large  amount  of  phosphorus  present  in  leucocytes,  is 
suggestive  in  the  same  direction.  Kuhnau  found  in  afebrile 
(leucocythaemia,  malignant  new-growths)  as  well  as  in  febrile 
disease  (croupous  pneumonia,  septic  infection)  that  an  increase 
in  the  number  of  leucocytes  present  in  the  blood  is  invariably 
followed  by  an  increase  in  uric  acid  excretion,  the  maximum  of 
which  occurs  when  a  previously  existing  leucocytosis  disappears. 
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He  also  found  that  intra-peritoneal  injection  of  material  contain- 
ing laige  quantities  of  leucocytes  (aseptic  pus,  pounded  thymus) 
leads  to  a  great  increase  of  uric  acid  in  the  urine.  Kuhnau's 
experiments  are  further  important  in  showing  that  the  excretion 
of  uric  acid  does  not  seem  to  be  dependent  upon  temperature, 
for  the  same  result  was  obtained  whether  the  patient  was 
pyrexial  or  not.  It  is  doubtful,  however,  whether  destruction 
of  leucocytes  in  fever  is  the  sole  cause  of  increased  uric  acid 
excretion,  for  cases  have  been  described  in  which  an  increased 
uric  acid  excretion  followed  febrile  conditions,  unaccompanied 
by  leucocytosis  (Schnitzler)  ;  at  all  events  it  is  not  unreasonable 
to  suppose  that  a  portion  of  the  uric  acid  may  be  derived  from 
nuclei  of  tissue-cells  destroyed  during  the  febrile  disease. 

(v.)  The  ^Etiology  of  Fever. — By  far  the  greater  number 
of  diseases  in  which  fever  is  a  symptom  are  infective,  and  it  is 
therefore  natural  to  turn  to  the  micro-organisms  in  endeavour- 
ing to  discover  the  aetiology  of  fever.  Amongst  the  micro- 
organisms, in  this  respect,  animal  as  well  as  vegetable  microbes 
are  of  importance,  for  of  all  the  causes  of  fever  the  malarial 
parasites  are  perhaps  the  most  important. 

The  relationship  between  micro-organisms  and  fever  is  par- 
ticularly well  shown  in  the  case  of  intermittent  fever  (ague) 
and  relapsing  fever  ;  for  the  rise  of  temperature  in  each  disease 
coincides  with  the  appearance  of  the  micro-organism  in  the 
blood,  the  fever  lasts  as  long  as  the  micro-organism  is  present 
in  the  blood,  and  the  temperature  falls  with  the  disappearance 
of  the  micro-organism  from  the  blood.  Whether  in  these  cases 
the  microbes  act  mechanically,  or  by  virtue  of  poisons  which 
they  produce  or  by  virtue  of  the  direct  changes  to  which  they 
give  rise  in  the  blood  and  tissues,  it  is  impossible  to  say.  But 
in  other  cases  there  is  no  doubt  that  the  micro-organism  itself  is 
not  the  cause  of  fever,  at  least  mechanically ;  thus,  in  diphtheria 
there  is  fever,  but  the  micro-organisms  are,  in  the  vast  majority 
of  cases,  absent  from  the  blood ;  moreover,  fever  can  be  induced 
by  injection  of  diphtheria  toxin  apart  from  the  micro-organisms 
altogether.  Hence  we  must  conclude  that  it  is  either  the 
products  of  micro-organisms  themselves,  whether  extra-cellular 
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or  intra-cellular,  or  else  the  products  of  the  action  of  these 
substances  upon  the  tissues  of  the  animal  that  are  the  effective 
pyrexial  agents. 

Many  experiments  have  been  made  with  bacterial  products, 
most  of  them  being  carried  out  by  injection  into  the  blood  or 
the  subcutaneous  tissues  of  substances  such  as  pus,  infusion  of 
putrid  flesh,  etc.  Of  these  it  is  unnecessary  to  speak,  as  they 
were  succeeded  by  others  in  which  the  nature  of  the  substance 
injected  was  less  complex,  and  consisted  in  the  products  of  a 
single  variety  of  micro-organism  grown  in  an  artificial  medium. 
These  experiments  have  taught  that  (1)  substances  causing  a  rise 
of  temperature  when  injected  into  an  animal  may  be  produced 
by  non-pathogenetic  as  well  as  by  pathogenetic  micro-organisms  ; 
(2)  the  pyrogenetic  substance  itself  in  such  cases  is  usually  an 
albumose. 

But  many  other  substances  besides  micro-organisms  and 
their  products  lead  to  fever  when  injected  into  the  circulation. 
Such  are  fresh  and  sterile  extracts  of  muscle,  thyroid,  etc.,  fibrin 
ferment,  commercial  "  peptones "  (albumoses).  Moreover,  an 
"  aseptic  "  fever  is  known  in  which  a  marked  rise  of  tempera- 
ture occurs  after  an  aseptic  injury,  e.g.,  fracture  of  a  long  bone, 
These  facts  (and  others)  have  led  Ughetti  to  reconsider  the 
question,  and  finding  that  in  all  cases  of  fever  there  is  evidence 
of  blood  destruction,  he  concludes  that  the  true  cause  of  fever 
is  to  be  found  in  the  haemolysis.  Ughetti's  view  is  probably 
too  narrow,  but  the  fundamental  principle  underlying  it,  viz,, 
that  destruction  of  cells  is  to  be  associated  with  fever  produc- 
tion, is  probably  correct.  More  than  this  cannot  be  said  at  the 
present  time  :  What  is  the  nature  of  the  pyrogenetic  substance  ? 
What  is  the  method  of  its  action  ?  Have  we  to  deal  with  one 
substance  or  many  ?  are  questions  to  which  no  answers  can  as 
yet  be  given. 

(vi.)  Antipyretics.  —  In  1882  and  the  succeeding  years 
there  was  made  known  by  Filehne  a  series  of  chemical  sub- 
stances which  have  the  power  of  lowering  febrile  temperature. 
These  substances,  of  which  kairin  and  antipyrin  are  the  most 
important,  have  a  very  marked  and  rapid  action  both  upon  man 
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and  lower  animals.  Their  mode  of  action  differs  from  that  of 
the  older  antifebrile  remedies  such  as  quinine.  Quinine,  as  for 
example  in  ague,  lowers  temperature  by  its  action  upon  the 
micro-organism  causing  the  disease,  but  kairin  and  antipyrin 
act  by  altering  the  condition  of  the  blood-vessels  in  the  skin 
and  so  increasing  heat  loss.  The  actions  of  kairin  and  antipyrin 
have  been  examined  experimentally.  Eichter  (kairin),  working 
upon  animals  in  which  fever  had  been  induced  by  injection  of 
pyrogenetic  substances,  and  Gottlieb  (antipyrin),  working  upon 
animals  made  hyperthermic  by  cerebral  puncture,  showed  by 
means  of  the  calorimeter  that  thermolysis  is  increased.  Mara- 
gliano  (kairin  and  antipyrin),  working  with  the  arm-plethys- 
mograph  upon  febrile  patients,  showed  that  the  volume  of  the 
arm,  i.e.,  the  amount  of  blood  in  the  arm,  is  increased.  Geigel 
(antipyrin),  by  his  thermo-electric  method,  showed  that  surface 
temperature  is  increased  before  central  temperature  begins  to 
fall.  These  facts  are  of  course  physiologically  correlated,  and 
hence  we  must  conclude  that  kairin  and  antipyrin  lower  fever 
by  acting  on  the  central  nervous  mechanism  which  inhibits 
surface  loss  of  heat. 

Antipyrin  and  quinine  diminish  nitrogenous  metabolism,  but 
according  to  Kumagawa  all  other  antipyretics,  including  kairin, 
increase  nitrogenous  metabolism.  There  is  a  marked  difference 
between  the  action  of  antipyretics  in  health  and  in  fever,  for 
whereas  in  fever  they  lower  temperature,  in  health  they  have 
no  such  effect.  According  to  Eichter,  when  the  temperature  of 
a  febrile  animal  treated  with  kairin  has  fallen  to  normal,  the 
surface  loss  of  heat  is  diminished  and  actually  falls  below  the 
normal.    The  importance  of  these  facts  will  appear  later. 

(vii.)  The  Theory  of  Fever.  —  Having  considered  the 
principal  characters  of  fever  and  the  changes  to  which  it  gives 
rise  in  the  body,  it  is  now  necessary  to  enquire  into  the  theory 
of  fever.  The  questions  to  which  we  shall  endeavour,  though 
with  but  partial  success,  to  find  answers  are  :  (a)  What  is  the 
nature  of  the  febrile  process  ?  (b)  What  is  the  cause  of  the 
rise  of  temperature  in  fever?  and  (c)  Why  do  we  separate 
hyperthermia  from  pyrexia  ? 
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(a)  What  is  the  Nature  of  the  Febrile  Process? — It  is  only 
within  the  last  half  century  or  thereabouts  that  this  question 
has  been  approached  scientifically,  and  it  dates  its  origin  from  the 
discovery  that  vascular  processes  are  dominated  by  the  nervous 
system.  From  the  time  when  Virchow  considered  the  subject 
and  wrote  his  Pathology  it  has  been  customary  to  regard  fever 
as  a  disorder  of  thermal  regulation,  though  whether  the  dis- 
order is  primarily  one  of  the  central  nervous  system  and 
secondarily  one  of  metabolism,  or  primarily  one  of  metabolism 
and  secondarily  one  of  the  central  nervous  system,  was  a  matter 
of  doubt.  On  all  hands  it  was  agreed  that  there  is  a  fever- 
exciting  cause,  but  whether  that  cause  attacks  the  nervous 
system  and  puts  it  out  of  gear  with  the  result  that  metabolism 
suffers,  or  attacks  the  tissues,  rendering  them  more  labile  than 
in  health,  with  the  result  that  the  thermotaxic  mechanism  is 
thrown  out  of  gear,  was  and  still  is  a  matter  of  doubt.  Most 
authorities  hold  that  the  prime  fault  lies  in  the  thermotaxic 
mechanism,  but  others,  for  example  Ughetti,  hold  that  tissue 
destruction  by  the  fever-causing  agent  is  primary. 

Amongst  those  authorities  who  ascribe  fever  to  a  fault  in  the 
thermotaxic  mechanism  there  is  a  great  divergence  of  opinion. 
One  school  (that  of  Liebermeister,  Filehne,  Lowit,  Eichter,  and 
others)  maintains  that  the  thermotaxic  mechanism  is  abnormal, 
but  nevertheless  behaves  approximately  in  the  same  way  as  the 
normal  mechanism ;  the  other  school  (that  of  Traube,  Cohnheim, 
Senator,  Krehl,  and  others)  maintains  that  the  thermotaxic 
mechanism  is  the  same  as  in  health  but  behaves  in  an  abnormal 
fashion.  The  difference  between  these  two  views  will  become 
clearer  as  we  proceed. 

According  to  the  Liebermeister  school,  in  fever  the  ther- 
motaxic centre  is  "  set "  for  a  higher  point  than  it  is  in  health. 
We  can  compare  the  idea  with  the  "  setting "  of  a  thermo- 
regulator  in  the  laboratory  for  a  higher  temperature.  If  such 
a  thermo-regulator  be  set  for  (say)  20°  C,  directly  the  tempera- 
ture of  the  fluid  in  which  it  is  immersed  falls  below  20°  C.  the 
mercury  in  the  regulator  (taking  this  form  of  regulator  as  an 

example)  contracts,  with  the  result  that  more  gas  passes  to 
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the  gas  burner,  more  heat  is  given  out,  and  the  temperature  of 
the  fluid  in  which  the  regulator  is  placed  rises  ;  if,  on  the  other 
hand,  the  temperature  of  the  fluid  rises  above  20°  C,  the 
mercury  expands,  shuts  off  a  certain  amount  of  gas,  the  flame 
becomes  smaller,  and  the  temperature  o£  the  fluid  in  which  the 
thermo-regulator  is  placed  falls.  Small  variations  occur  on 
either  side  of  20°,  but  the  temperature  is  kept  constant, 
because  a  fall  automatically  invokes  an  increase  in  external 
supply  of  heat,  and  because  a  rise  automatically  invokes  a 
diminution  in  external  supply  of  heat.  Now  the  thermo- 
regulator  can  be  set  at  any  temperature  (say  30°  C.)  at  will, 
and  about  that  temperature  the  same  series  of  changes  will 
take  place  as  have  been  described  for  a  temperature  of  20°. 
Liebermeister's  view  was  that  in  fever  the  thermotaxic  centre 
is  set  for  say  40°  C.  instead  of  37°  C.  and  is  therefore  abnormal, 
but  about  the  temperature  of  40°  the  mechanism  behaves 
approximately  in  the  same  way  as  normally  it  behaves  about 
37°  C. 

The  phenomena  upon  which  Liebermeister's  view  is  founded 
may  be  exemplified  in  the  following  experiment.  If  a  healthy 
person  with  temperature  37°  C.  be  placed  in  a  cold  bath  until 
his  temperature  has  fallen  about  -2°  C.  he  shivers,  if  he  be 
placed  in  a  hot  bath  until  his  temperature  has  risen  about  "2°  C. 
he  perspires.  Exactly  the  same  is  true  for  a  fever  patient 
whose  temperature  is  40°  C. ;  if  he  be  placed  in  a  cold  bath 
until  his  temperature  has  fallen  about  *2°  C.  he  shivers,  if  he  be 
placed  in  a  warm  bath  until  his  temperature  has  risen  about 
•2°  he  perspires.  But  there  is  this  difference  between  the  two 
cases,  the  healthy  man  shivers  at  36-8°,  perspires  ab  37"2°,  the 
fevered  man  shivers  at  39*8°,  perspires  at  40'2°. 

Now  this  behaviour  both  on  the  part  of  the  normal  and  on 
the  part  of  the  fevered  patient  is  so  constant  and  so  character- 
istic that  it  has  attracted  much  attention,  but  it  is  a  question 
whether  the  deductions  that  have  been  drawn  from  the  experi- 
ment are  justifiable.  For  it  is  doubtful  whether  the  central 
temperature  has  anything  to  do  with  the  phenomena  at  all,  as 
is  indeed  suggested  by  the  mere  fact  that  one  man  shivers  when 
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his  temperature  is  3°  C.  higher  than  the  other.  It  is  surface 
temperature  and  not  internal  temperature  that  determines  the 
shivering  or  the  sweating.  This  is  shown  by  the  fact  that  if  a 
healthy  person  whose  internal  temperature  has  been  raised  by 
placing  him  in  a  warm  bath,  and  who  is  sweating,  be  suddenly 
and  momentarily  exposed  to  a  draught  of  cold  air,  he  shivers, 
and  that  not  because  his  internal  temperature  has  been  brought 
down  to  below  the  normal,  for  it  still  remains  above  normal, 
but  because  a  sudden  fall  has  been  induced  in  his  surface 
temperature.  In  Liebermeister's  experiments  the  cold  bath 
certainly  lowers  internal  temperature,  but  it  first  and  to  the 
greatest  extent  lowers  surface  temperature,  the  hot  bath  cer- 
tainly raises  internal  temperature,  but  it  first  and  to  the 
greatest  extent  raises  surface  temperature.  Hence  the  experi- 
ment shows  that,  in  fever,  the  normal  behaviour  of  the  organism 
when  its  surface  temperatuie  is  rising  or  is  falling  is  not 
abolished,  but  it  does  not  show  that  in  fever  the  heat  regulating 
centre  is  "  set "  for  a  higher  temperature  in  the  same  sense  as  a 
thermo-regulator  in  the  laboratory  can  be  set  for  a  higher 
temperature. 

According  to  the  Traube  school  the  alteration  of  thermotaxis 
in  fever  consists  in  a  derangement  of  that  part  of  the  mechanism 
which  presides  over  heat  loss.  There  is  no  question  of  "  setting  " 
for  a  higher  temperature,  but  the  higher  temperature  in  fever 
is  produced,  in  the  initial  stage,  because  heat  loss  is  diminished 
owing  to  contraction  of  the  peripheral  blood-vessels,  and  in  the 
fastigium  because  heat  loss  is  diminished  principally  owing  to 
the  failure  of  evaporation  from  sweating.  Upon  the  latter  point, 
to  which  attention  was  first  drawn  by  Ley  den  in  1868,  great  stress 
is  laid,  and  there  is  no  doubt  that  in  fever  the  skin  is  commonly 
dry,  but  it  has  already  been  mentioned  that  this  is  not  always  the 
case.  The  fall  of  temperature  in  defervescence  according  to  this 
school  depends  upon  the  greatly  increased  loss  of  heat  brought 
about  by  the  vascular  dilatation  and  the  profuse  sweating  that 
characterise  this  stage. 

In  spite  of  the  fact  that  the  Liebermeister  school  still  claims 
some  distinguished  members,  the  views  put  forward  by  Traube, 
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though  not  in  their  originally  exclusive  form,  are  rapidly  gain- 
ing ground.  Zuntz  has  shown  that  amongst  reflex  mechanisms 
that  presiding  over  surface  loss  is  the  only  one  constantly  in 
operation ;  Maragliano  has  shown  that  peripheral  vascular  con- 
traction precedes  the  rise  of  temperature,  peripheral  vascular 
dilatation  precedes  the  fall  of  temperature  in  fever  ;  Giegel  has 
shown  that  surface  temperature  is  diminished  and  increased  before 
the  rise  and  the  fall  of  febrile  temperature,  respectively,  take 
place;  Eichter  has  shown  that  when  the  temperature  of  a 
febrile  animal  falls  as  the  result  of  administration  of  kairin, 
the  animal  discharges  more  heat.  All  these  facts  indicate  the 
importance  of  that  portion  of  the  thermo-regulatory  mechanism 
which  presides  over  heat  loss  in  determining  the  processes  of 
fever ;  but  it  must  be  remembered  that  this  is  not  identical  with 
an  assertion  that  fever  depends  upon  a  derangement  of  the 
thermolytic  function. 

The  suggestion  has  been  put  forward  by  MacAlister  that  in  the 
brain  we  have  three  centres  concerned  with  the  heat  function,  a 
thermogenetic,  a  thermolytic,  and  a  thermotaxic,  and  according 
to  the  one  or  other  thrown  out  of  gear  so  the  characters  of  the 
temperature  are  modified.  If  the  thermotaxic  centre  is  deranged, 
then  the  temperature  is  irregular,  if  the  thermogenetic  or  the 
thermolytic,  then  fever  is  produced ;  if  all  three  centres  are 
deranged,  then  we  find  an  irregular  rising  febrile  temperature. 
Upon  this  view  the  thermogenetic  centre  is  in  some  way 
connected  with  the  muscles,  and  the  thermolytic  centre  with 
the  blood-vessels,  while  the  thermotaxic  centre  controls  the  other 
two. 

There  are  many  points  which  are  left  unexplained  by  Mac- 
Alister's  hypothesis,  such  as  the  question  whether  the  effect  of 
cerebral  puncture  is  to  stimulate  a  centre  presiding  over  heat 
formation  or  to  paralyse  a  centre  presiding  over  heat  loss,  both 
of  which  would  produce  the  same  result — a  rise  of  temperature. 
Moreover,  for  the  explanation  of  all  variations  of  temperature, 
and  the  phenomena  accompanying  the  maintenance  of  an  even 
temperature  in  health,  the  existence  of  but  one  centre  is  theo- 
retically necessary  so  long  as  it  is  constantly  at  work.  The 
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experiments  of  Zuntz  have  shown  that  the  reflex  mechanism 
for  regulating  loss  of  heat  is  always  at  work,  and  hence  we 
need  go  no  further  than  to  imagine  a  centre  presiding  over 
thermolysis.  The  thermogenetic  and  thermotaxic  centres  of 
MacAlister  are  theoretically  superfluous,  though  perhaps  a 
definitely  thermogenetic  centre  exists,  judging  from  the  effects 
of  cerebral  puncture.  Derangement  of  the  thermolytic  centre 
must  mean  derangement  of  heat  regulation,  and  so  long  as  the 
centre  acts  at  all,  derangement  of  heat  regulation  must  mean  a 
rise  of  temperature,  since  production  of  heat  is  always  poten- 
tially in  excess  of  thermolysis.  If  the  centre  fails  completely 
the  case  is  different,  for  then  no  limitations  are  put  upon  heat 
loss,  and  the  temperature  is  determined  by  heat  production 
alone;  complete  failure  occurs  in  shock,  in  collapse,  in  many 
persons  during  the  last  hours  of  life,  and  since  under  these  condi- 
tions heat  production  is  reduced  to  a  very  low  level,  we  find  that 
the  temperature  of  such  patients  is  correspondingly  low.  Never- 
theless, MacAlister's  suggestion  is  useful  in  that  it  suggests  the 
possibility  that  definitely  thermogenetic  processes  may  play  a 
part  in  fever,  a  possibility  for  which  there  are,  as  will  be  seen 
immediately,  some  very  strong  arguments. 

The  answer,  therefore,  to  the  question,  What  is  the  nature  of 
the  febrile  process  ?  with  which  we  set  out  must  be :  It  consists 
in  the  derangement  of  normal  thermo-regulation,  a  process 
which  is  carried  out  in  the  central  nervous  system,  and  the 
most  important  part  of  which  consists  in  regulation  of  heat 
loss ;  nevertheless  abnormality  in  heat  production  undoubtedly 
plays  a  part  also,  though  how  great  a  part  is  at  present  unde- 
termined. 

(b)  What  is  the  Cause  of  the  Rise  of  Temperature  in  Fever  ? — 
This  question  is  closely  allied  with  the  one  which  has  just  been 
discussed,  but  the  two  are  not  identical.  We  may  grant  that 
the  changes  leading  to  fever  are  initiated  in  the  central  nervous 
system,  we  may  allow  that  it  is  thermolysis  which  is  essentially 
at  fault,  but  that  does  not  eliminate  the  possibility  that  the  rise 
of  temperature  may  be  due  to  a  disordered  production  of  heat 
with  which  a  disordered  thermolytic  mechanism  is  unable  to  cope. 
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Though  a  disordered  thermolytie  mechanism  alone  may  account 
for  a  rise  of  temperature,  it  does  not  follow  that  a  rise  of  tempera- 
ture depends  upon  disordered  thermolysis  alone. 

With  regard  to  the  cause  of  the  rise  of  temperature  in  fever, 
the  views  of  Liebermeister  and  of  Traube  were  diametrically 
opposite.  Liebermeister  held  that  the  temperature  rises  because 
there  is  a  greater  production  of  heat,  Traube  held  that  tempera- 
ture rises  because  there  is  a  diminished  loss  of  heat.1  Now, 
though  there  is  no  doubt  that  in  the  initial  stage  of  fever  the  heat 
loss  is  diminished,  there  is  equally  no  doubt  that  in  a  large 
number  of  cases  during  the  fastigium  the  loss  of  heat  is  in- 
creased. This  has  been  shown  directly  by  Hale  White  from 
consideration  of  surface  temperature  and  the  amount  of  sweat 
secreted  in  a  given  time.  Hale  White  found  that  in  pneumonia 
and  in  erysipelas  the  heat  loss  is  considerably  increased,  and 
since  the  temperature  has  risen  he  concludes  that  heat  produc- 
tion must  have  been  increased  to  an  even  greater  extent.  May, 
also,  in  the  fevered  rabbit  found  that  the  organism  produces 
about  10  per  cent,  more  heat  than  does  the  healthy  animal  upon 
the  same  diet,  and  the  experiments  of  Nebelthau  point  in  the 
same  direction,  though  he  finds  a  much  smaller  increase  of  heat 
production  than  May,  and  in  a  few  cases  found  that  heat  pro- 
duction was  practically  normal. 

It  appears,  then,  that  we  cannot  say  that  the  rise  of  tempera- 
ture in  fever  is  due  to  diminished  heat  loss  (heat  retention) 
exclusively,  or  to  increased  heat  production  exclusively.  Both 
heat  production  and  heat  loss  are  abnormal,  and  in  one  case  it 
may  be  that  the  rise  of  temperature  is  due  to  an  excessive  heat 
production  with  which  heat  loss,  though  increased  beyond  the 
normal,  is  unable  to  cope,  and  in  another  case  temperature  may 
rise,  though  heat  production  is  practically  unaltered,  because 
the  diminution  of  heat  loss  is  so  great  that  heat  is  retained. 

We  have  already  considered  heat  loss  at  sufficient  length,  but 
heat  production  in  fever  must  detain  us  for  a  moment.  There 

1  Cohnheim  held  that  both  heat  production  and  heat  loss  are  modified  in  fever 
and  that  the  rise  of  temperature  depends  upon  both  causes  ;  Senator  holds  that 
modification  of  heat  loss  is  alone  responsible. 
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is  no  difficulty  in  associating  an  increase  of  heat  production  in 
fever  with  the  increase  of  nitrogenous  metabolism ;  May  found 
that  in  fever  along  with  an  increase  of  10  per  cent,  in  heat  pro- 
duction there  was  an  increase  of  25  per  cent,  in  nitrogenous 
metabolism  above  the  normal.  But  when  we  ask  whether 
this  means  that  a  central  modification  calls  forth  an  increase 
of  tissue  metabolism  in  order  to  produce  more  heat,  or  means 
that  the  fever-exciting  cause  by  its  action  on  the  tissues  damages 
them  and  the  heat  is  produced,  so  to  speak,  accidentally  during 
the  process  of  their  removal,  we  can  get  no  clear  answer. 
Nevertheless,  in  febrile  disease  the  tissues  are  undoubtedly 
damaged,  and  removal  of  the  damaged  tissue  is  necessary,  and 
the  leucocytes,  to  the  destruction  of  which  we  have  ascribed 
certain  peculiarities  of  the  nitrogenous  metabolism,  cannot  be 
regarded  as  primarily  directed  towards  heat  production,  so  that 
it  is  perhaps  easier  (though  one  must  not  dogmatise  upon  the 
point)  to  adopt  the  second  view,  and  hold  that  increased  heat 
production  in  fever  is,  so  to  speak,  accidental,  and  occurs  only 
because  the  removal  of  damaged  tissue -cells  and  leucocytes  is 
carried  out  by  a  process  of  combustion. 

The  fact  that  in  certain  cases  there  may  be  an  increased 
destruction  of  proteid  without  a  rise  of  temperature  is  only  an 
apparent  and  not  a  real  difficulty,  for  it  need  hardly  be  pointed 
out  that  increase  of  heat  production  and  rise  of  temperature  are 
not  synonymous  terms.  It  has  been  pointed  out  by  Naunyn 
that  in  infective  disease  we  may  have  increased  destruction  of 
proteid  before  the  temperature  rises ;  by  von  Noorden,  that  in 
malaria  we  may  have  increased  excretion  of  urea,  when,  as  the 
result  of  medication  with  quinine,  the  temperature  does  not 
rise;  by  Lowit,  that  in  typhoid  fever  and  septic  infection  we 
may  have  enormous  destruction  of  proteid  with  but  slight  rise 
of  temperature.  But  these  facts  do  not  mean  that  in  the  de- 
struction of  proteid  no  heat  is  set  free,  and  that  it  is  for  this 
reason  that  the  temperature  does  not  rise  •  the  failure  to  rise 
of  the  temperature  under  the  circumstances  must  certainly  be 
ascribed  to  a  proportionate  increase  of  heat  loss,  dependent 
probably  in  Naunyn's  and  in  Lowit's  cases  upon  a  condition 
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approaching  to  complete  inactivity,  and  in  von  Noorden's  case 
upon  a  condition  approaching  to  normality  of  the  thermolytic 
mechanism. 

(c)  Why  do  we  Separate  Hyperthermia  from  Pyrexia? — This 
question  seems  the  more  reasonable  the  closer  the  two  con- 
ditions are  examined.  The  temperature  is  raised  in  both,  the 
respiratory  exchange  when  the  temperature  is  rising  is  increased 
in  both,  the  nitrogenous  metabolism  is  increased  in  both,  the 
rates  of  respiration  and  of  heart  beat  are  increased  in  both,  and 
anatomical  changes  of  the  tissues  more  or  less  alike  are  induced 
by  both. 

In  a  sense  fever  may  be  considered  as  a  subdivision  of 
hyperthermia,  and  at  some  future  date  it  will  perhaps  be 
generally  described  as  such,  but  at  present  it  is  advisable  to 
keep  the  two  conditions  apart  for  the  following  reasons : — 

1.  The  term  "  fever "  is  clinical,  and  is  a  useful  term  to 
cover  a  group  of  phenomena  met  with  under  a  variety  of 
circumstances  and  with  the  greatest  frequency.  Hyperthermia 
relatively  to  fever  is  a  rare  condition. 

2.  The  causes  of  fever  and  of  hyperthermia  are  absolutely 
different;  this  again  is  a  clinical  reason. 

3.  There  are  certain  differences  between  the  phenomena  of 
fever  and  the  phenomena  of  hyperthermia,  notably  the  be- 
haviour of  the  peripheral  blood-vessels  in  the  stage  during 
which  internal  temperature  is  rising ;  the  greater  height  to 
which  the  temperature  can  rise  in  hyperthermia  without  a 
necessarily  fatal  result;  the  shorter  duration  of  hyperthermia 
(even  after  cerebral  puncture  it  only  lasts  two  or  three  days 
unless  puncture  is  repeated) ;  the  frequency  with  which  a  rise 
in  the  alkalinity  of  the  blood  is  seen  in  fever,  whereas  in 
hyperthermia  the  alkalinity  either  remains  unaltered  or  sinks 
considerably ;  the  different  behaviour  of  animals  made  hyper- 
thermic by  cerebral  puncture  on  exposure  to  external  heat  and 
cold  as  compared  with  the  behaviour  of  fevered  and  normal 
animals. 

When  we  have  learnt  to  separate  the  phenomena  of  "  fever  " 
into  those  strictly  due  to  rise  of  temperature  and  those  strictly 


THE  SIGNIFICANCE  OF  FEVER. 


473 


due  to  the  cause  of  the  disease  of  which  fever  is  a  symptom, 
the  word  "  fever  "  will  no  longer  have  a  meaning,  but  till  then 
it  may  profitably  be  preserved. 

(viii.)  The  Meaning  of  Fever  for  the  Economy.— Just 
as  we  found  in  the  case  of  inflammation  that  the  process  is 
considered  by  one  school  as  purposeful  and  by  another  school  as 
detrimental,  so  in  the  case  of  fever  we  find  that  some  authori- 
ties ascribe  to  it  a  curative  tendency,  while  others  deny  that 
it  subserves  any  useful  purpose  whatever. 

The  idea  that  fever  is  beneficial  is  as  old  as  Hippocrates,  and 
down  the  centuries  this  view  has  at  times  been  ascendant,  at 
times  the  contrary  view  has  prevailed.  Hippocrates  (430  B.C.), 
Asklepiades  (100  B.C.),  Kufus  of  Ephesus  (100  B.C.),  Sydenham 
(1650  A.D.),  Hoffmann  (1700  A.D.),  all  regarded  fever  as  bene- 
ficial, but  with  Zacuto  (1667  a.d.)  there  arose  the  opinion  that 
it  is  an  unqualified  evil.  Liebermeister  held  this  view  very 
strongly :  "  A  man  whose  temperature  is  kept  for  some  time  at 
40°  or  more  succumbs  of  a  certainty  as  the  result  of  the  in- 
crease of  temperature  ;  some  die  sooner,  others  later  according 
to  the  individual  resistance."  Many  pathologists  and  physicians 
followed  Liebermeister,  but  Naunyn,  Senator,  Unverricht,  and 
others  held  out  on  the  opposite  side.  With  the  progress,  of 
bacteriology,  the  subject  was  again  investigated,  and  now, 
experimentally.  Walther  investigated  the  effect  of  tempera- 
ture upon  rabbits  infected  with  pneumonococcus ;  one  animal 
was  kept  in  a  warm  chamber  at  40°-42°  C,  a  control  was  kept 
at  the  room  temperature.  In  five  such  experiments  Walther 
found  that  the  onset  of  general  infection  was  prevented  so  long 
as  the  animals  were  hyperthermic,  but  as  soon  as  they  were 
removed  from  the  warm  chamber  general  infection  set  in,  as  in 
the  control,  and  led  to  death.  Eovighi,  using  the  bacillus  of 
rabbit  septicaemia  and  anthrax  bacilli,  found  that  artificial 
warming  prolonged,  artificial  cooling  shortened  life.  Filehne, 
working  with  Str.  erysipelatis  on  the  rabbit's  ear,  came  to 
similar  results,  with  the  addition  that  in  the  warmed  animal 
the  infection  runs  a  more  rapid,  a  more  pronounced,  and  a  more 
favourable  course  than  in  the  cooled  animal. 
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In  the  experiments  of  Walther,  Kovighi,  and  Filehne,  the 
animal  was  rendered  hyperthermic  by  exposure  to  external 
warmth ;  Lowy  and  Eichter  investigated  the  question  when  the 
animal  was  rendered  hyperthermic  by  cerebral  puncture.  It 
is  impossible  to  deal  with  their  important  paper  at  length,  but 
the  general  result  of  their  experiments  (made  with  pneumono- 
coccus,  swine  erysipelas,  chicken  cholera,  and  diphtheria  toxin) 
was  to  show  that  the  increase  of  temperature  exerts  a  decidedly 
beneficial  effect  upon  the  course  of  the  disease.  Thus  with 
pneumonococcus  they  found  in  one  case  that  the  hyperthermic 
animal  (temperature  41'1°)  inoculated  with  a  certain  dose  lived 
thirty  hours,  the  control  inoculated  with  only  one-hundredth 
part  of  the  dose  died  in  twenty  hours ;  in  another  case  the  con- 
trol animal  died  in  forty-eight  hours,  but  the  hyperthermic 
animal  (temperature  41*5°),  inoculated  with  four  times  the  dose, 
survived. 

Experiment,  therefore,  seems  strongly  to  support  the  view 
that  hyperthermia  has  a  curative  action,  and  thence  it  is  but  a 
short  step  to  considering  fever  as  beneficial,  and  as  evidence  of 
the  setting  in  motion  by  the  organism  of  one  of  its  defensive 
mechanisms.  And  certainly  in  pneumonia,  erysipelas,  cerebro- 
spinal meningitis,  typhoid  fever,  the  prognosis  is  better  if  the 
patient's  temperature  is  moderately  high  than  if  it  is  definitely 
low.  Nevertheless,  Ziegler,  consistent  with  his  view  as  to  the 
meaning  of  inflammation  for  the  economy,  holds  that  the  rise 
of  temperature  in  fever  subserves  no  useful  purpose  but,  as  is 
shown  by  Werhovsky's  experiments,  produces  changes  that  are 
unmitigatedly  detrimental. 

But  even  if  we  grant  that  fever  is  beneficial  we  are  com- 
pletely ignorant  of  the  manner  in  which  it  acts.  Whether  it 
acts  injuriously  upon  the  bacteria  or  upon  their  toxins,  whether 
it  acts  by  virtue  of  the  increased  alkalinity  of  the  blood  which 
often  accompanies  fever,  whether  it  increases  the  resistance  of 
the  tissues,  it  is  at  present  impossible  to  decide.  There  are 
reasons  for  and  against  each  of  these  suggestions. 
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The  Pathology  of  Shock  and  Collapse — Transfusion, 


I.  The  Symptoms  of  Shock  and  Col- 
lapse. 

II.  The  Causes  of  Shock  and  Collapse. 


Synopsis. 

III.  The  Pathology  of  Shock. 

IV.  The  Pathology  of  Collapse. 
V.  Transfusion. 


Shock  and  collapse,  like  fever  and  inflammation,  are  clinical 
terms,  and  as  such  cover  groups  of  symptoms.  These  groups 
of  symptoms  are,  in  the  case  of  shock  and  collapse,  very  similar, 
but  the  pathological  processes  underlying  the  two  conditions 
are  different.  Though  one  description  of  the  patient's  condition 
will  therefore  practically  suffice  for  both,  it  will  be  necessary 
to  discuss  their  pathology  apart.  By  considering  them  in  one 
chapter  their  points  of  resemblance  and  of  contrast  will  be 
better  brought  out  than  they  would  be  if  each  was  relegated 
to  the  chapter  with  which,  strictly  speaking,  it  has  most  in 
common. 

I.  The  Symptoms  of  Shock  and  Collapse. — When  a 
patient  is  markedly  the  subject  of  shock  or  collapse  he  gives 
evidence  of  profound  prostration.  He  lies  perfectly  quiet  and 
in  a  semi- unconscious  condition ;  if  he  can  be  roused  it  is  only 
with  difficulty  and  for  a  short  time,  yet  during  that  time  he 
answers  questions  clearly  and  rationally,  though  his  voice  may 
not  be  above  a  whisper.  His  appearance  is  changed  ;  his  face 
is  pale  and  drawn,  his  lips  and  ears  cyanotic,  his  eyes  sunken, 
his  cheeks  hollow.  His  respiration  is  irregular  and  sighing, 
his  skin  cold  and  damp,  his  internal  temperature  often  two 
or  three,  and  sometimes  five  or  six  degrees  Fahrenheit  below 
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normal.  His  heart-action  is  rapid  and  feeble,  his  pulse  flutter- 
ing and  weak,  or,  it  may  be,  imperceptible  at  the  wrist. 
His  mouth  and  tongue  are  dry,  and  he  experiences  great  thirst. 
Secretion  of  urine  is  diminished  or  there  may  be  complete 
anuria.  Nevertheless  muscular  power  may  not  be  so  greatly 
diminished  as  other  symptoms  would  suggest;  a  patient  may 
walk  to  the  hospital  though  suffering  severely  from  shock, 
and  though  the  condition  which  leads  to  shock  proves  fatal 
within  a  few  hours.  This  comparative  retention  of  muscular 
power  is  far  more  commonly  seen  in  shock  than  in  collapse. 

II.  The  Causes  of  Shock  and  Collapse. — There  is  a 
great  difference  between  the  causes  of  shock  and  collapse,  for 
in  shock  there  can  generally  be  determined  a  nervous  element, 
whereas  in  collapse  such  an  element  is  usually  wanting.  In 
this  respect  shock  and  syncope  are  closely  allied,  for  just  as 
intense  emotions  can  cause  syncope  so  they  can  cause  shock. 
Nevertheless  in  shock  some  injury  is  generally  added  to  the 
mental  cause.  This  injury  may  be  great,  e.g.,  laceration  of 
abdominal  organs  in  a  "  buffer  "  accident,  or  a  severe  burn,  or  it 
may  be  small,  e.g.,  a  slight  blow  on  the  epigastrium. 

Pain  is  undoubtedly  a  factor  in  the  production  of  shock,  for 
a  greater  degree  of  shock  accompanies  crushing  of  the  highly 
sensitive  finger  than  accompanies  much  more  extensive  injuries 
on  the  arm.  But  that  pain  is  not  the  whole  explanation  is 
shown  by  the  fact  that,  though  shock  has  diminished  to  a  large 
extent  since  the  introduction  of  anaesthetics,  it  has  not  been 
abolished.  Moreover,  pain  may  be  very  great,  as  for  example 
in  tic  douloureux  or  in  toothache,  and  yet  shock  is  absent. 
Nervous  temperament,  too,  is  apparently  a  factor.  Cobbett 
relates  the  case  of  a  nervous  boy  who,  after  removal  of  the 
tonsils  (an  operation  so  slight  that  it  is  commonly  performed 
without  the  aid  of  an  anaesthetic),  remained  semi-unconscious 
and  almost  pulseless  for  hours.  In  women  generally,  but  especi- 
ally in  those  who  are  of  a  highly  imaginative  nature  (artists, 
musicians),  the  effects  of  pain  combined  with  a  nervous 
temperament  in  producing  shock  is  often  well-marked.  If 
such  persons  be  subjects  of  painful  menstruation  the  onset  of 


CAUSES  OF  SHOCK  AND  COLLAPSE. 


479 


menstruation  each  month  is  not  infrequently  accompanied  by 
signs  of  great,  even  alarming,  prostration,  which,  however, 
passes  off  as  the  flow  becomes  established. 

Profound  shock  accompanies  injuries  to  the  brain,  whether 
those  injuries  are  such  as  lead  to  macroscopic  lesions,  e.g., 
hemorrhage,  laceration,  or  such  as  are  summed  up  in  the  term 
"  concussion."  The  first  stage  of  concussion,  in  fact,  is  nothing 
more  than  a  state  of  extreme  shock,  and  the  symptoms  are 
practically  identical  with  those  given  above  with  the  addition 
that  consciousness  is  more  involved.  Besides  conditions  affect- 
ing the  brain,  certain  morbid  conditions  of  the  viscera  are  very 
liable  to  be  associated  with  shock.  Thus,  the  passage  of  a 
biliary  or  a  renal  calculus,  perforation  of  the  stomach  or  intes- 
tines, strangulation  of  a  hernia,  twisting  of  the  pedicle  of  an 
ovarian  cyst,  rupture  of  the  bladder  or  of  an  ectopic  gestation, 
are  fertile  sources  of  shock.  So  also  are  the  formation  of  a 
pneumothorax,  even  though,  as  in  some  cases  of  tuberculosis, 
the  lung  is  so  diseased  that  it  is  practically  functionless,  and 
the  rupture  of  an  aneurism,  especially  if  it  be  of  the  dissecting 
variety. 

From  the  examples  given  above  it  is  clear  that  shock  follows 
upon  conditions  suddenly  produced  and  for  the  most  part  pro- 
duced in  comparatively  healthy  persons.  In  the  majority  of 
cases  the  patient  is  about  his  ordinary  business  when  the 
accident,  whatever  its  nature,  arises.  Shock  then  follows  on 
rapidly,  and  the  patient  is  found  almost  pulseless  within  a  few 
minutes  of  the  accident.  If  shock  be  severe  and  the  patient's 
heart  be  examined  immediately  after  the  accident,  complete 
absence  of  action  may  be  found,  but  feeble  pulsations  commence 
within  a  short  time.  We  have  in  this  sudden  onset  of  shock 
(which,  it  may  be  mentioned,  does  not  always  come  on  with  such 
extreme  suddenness  as  has  been  described  above)  a  marked 
difference  from  the  onset  of  collapse. 

Collapse  comes  on  more  insidiously  than  shock,  and  it  may 
take  as  many  hours  for  collapse  to  produce  the  same  degree  of 
prostration  as  shock  would  produce  in  minutes.  Moreover  the 
person  who  becomes  collapsed  is,  in  a  large  majority  of  cases, 
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already  the  subject  of  some  disease ;  shock  strikes  a  man  down, 
collapse  first  attacks  him  when  he  is  down.  The  chief  causes 
of  collapse  are  those  which  lead  to  a  great  loss  of  fluid  from 
the  body ;  such  are  profuse  and  prolonged  diarrhoea  or  vomiting, 
profuse  haemorrhage,  and  probably  also  profuse  sweating  as  in 
some  cases  of  heat-stroke.  Besides  these,  acute  peritonitis  of 
whatever  origin  is  associated  with  profound  collapse.  Perhaps 
the  most  marked  examples  of  collapse  are  met  with  in  the 
"  algid  "  stage  of  Asiatic  cholera  and  in  the  diarrhoea  of  very 
young  children.  In  the  former  case  it  is  not  even  necessary  that 
there  should  be  diarrhoea,  for  though  there  may  be  no  evacua- 
tion of  intestinal  contents,  there  collects  in  the  bowel  a  large 
quantity  of  thin  watery  fluid,  the  so-called  "  rice-water  stools." 
When  diarrhoea  is  accompanied  by  vomiting,  collapse  makes  its 
appearance  much  earlier. 

Shock  and  collapse  may  be  associated  with  one  another,  in 
which  case  the  shock  comes  on  first,  and  gradually  merges  into 
collapse.  Unless  it  end  in  rapid  death,  as  is  not  infrequently 
the  case  owing  to  the  gravity  of  the  injury  which  induces  the 
shock,  shock  tends  to  recovery.  Thus  reference  has  already 
been  made  to  the  disappearance  of  alarming  symptoms  with  the 
establishment  of  menstruation  in  highly  sensitive  women ;  and 
in  simple  uncomplicated  concussion,  the  first  stage — shock — is 
followed  by  stages  in  which  the  pulse  becomes  full  and  bound- 
ing, consciousness  returns,  and  ultimately  the  patient  recovers 
completely.  But  when,  for  example,  a  loop  of  intestine  is 
lacerated  by  some  injury  and  an  intense  peritonitis  is  set  up 
by  escape  of  intestinal  contents  into  the  peritoneal  cavity,  the 
ultimate  condition  of  the  patient  is  a  mixed  one,  of  which  the 
shock  is  due  to  the  primary  injury  of  the  intestine  and  the 
collapse  is  due  to  the  peritonitis.  The  same  association  of 
shock  with  subsequent  collapse  is  probably  seen  in  a  variety  of 
conditions  such  as  acute  intestinal  obstruction  (especially  when 
the  obstruction  is  high  up,  for  then  the  vomiting  comes  on 
earliest  and  is  most  persistent),  twisting  of  the  pedicle  of  an 
ovarian  cyst,  etc. 

In  the  prostration  following  profuse  and  fairly  rapid  haemor- 
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rhage  we  probably  have  collapse  represented  in  its  purest  for  n 
and  least  complicated  by  shock.  For  when  rupture  of  a  blood- 
vessel leads  to  severe  shock,  hemorrhage  is,  as  a  rule,  com- 
paratively trifling,  partly  because  of  mechanical  obstruction  to 
great  output  of  blood,  but  more  particularly  because  the  shock 
of  itself  induces  cardiac  and  vascular  conditions  incompatible 
with  that  maintenance  of  the  blood-pressure  which  is,  as  we 
have  already  seen  (p.  134),  the  chief  factor  in  the  persistence 
of  haemorrhage  from  a  divided  artery.  * 

III.  The  Pathology  of  Shock. — It  has  been  pointed  out 
above  that  in  shock  we  have  evidence  of  a  nervous  element, 
whether  that  be  central  (emotion)  or  peripheral  and  reflex  (pain, 
etc.).  Moreover  we  have  signs  of  marked  cardiac  and  vascular 
disturbance.  It  has  long  been  held  that  these  are  causally 
related,  and  that  upon  them  shock  is  dependent. 

It  was  shown  by  Goltz  that  if  a  smart  blow  be  struck  upon 
the  abdomen  of  the  frog,  the  heart  is  arrested  in  diastole,  and 
the  peripheral  blood-vessels  become  dilated.  Conditions  such 
as  these,  it  is  unnecessary  to  say,  must  result  in  a  fall  of  blood- 
pressure.  Lowering  of  the  blood-pressure  can  also  be  brought 
about  in  mammals  by  stimulation  of  the  central  end  of  the 
depressor  nerve  in  the  rabbit,  and  in  not  a  few  cases  by 
stimulation  of  the  central  end  of  the  divided  vagus  in  the  dog, 
the  other  vagus  being  intact.  Hence  there  is  no  lack  of 
evidence  that  centripetal  impulses  which  reach  the  vaso-motor 
and  the  cardio-inhibitory  centres  can  lead  to  a  fall  of  blood- 
pressure.  In  the  case  of  ordinary  nerves  of  sensation,  the 
evidence  is  not  so  clear,  for  stimulation  of  the  central  end  of 
the  divided  sciatic  in  the  dog  usually  leads  to  a  rise  of  blood- 
pressure.  But  in  most  cases  this  rise  of  blood-pressure  is 
temporary  only,  for  if  stimulation  be  continued  the  blood- 
pressure  returns  to  its  original  level.  Whether  it  ever  falls 
below  the  original  level  as  the  result  of  prolonged  stimulation 
of  the  sciatic  nerve  is  uncertain. 

The   effects  produced  by  these   centripetal   impulses  are 

probably  threefold :  (1)  they  inhibit  the  vaso-motor  centre  and 

lead  to  an  enormous  dilatation  of  the  smaller  arteries,  especially 
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in  the  splanchnic  area,  and  so  to  a  fall  of  blood-pressure ;  (2)  the 
dilatation  of  the  splanchnic  blood-vessels  being  brought  about 
suddenly,  it  leads  to  so  great  a  diminution  in  the  intake  of  the 
heart  that  the  heart  receives  little  or  no  blood  upon  which  to 
contract,  with  the  result  that  cardiac  action  becomes  slow  and 
feeble ;  and  (3)  the  centripetal  impulses  probably  act  directly 
upon  the  cardio-inhibitory  centre,  and  lead  to  an  arrest  of 
heart-action.1  Now  in  the  case  of  mammals  it  is  impossible  to 
produce  more  than  a  temporary  arrest  of  heart-action  by 
stimulation  of  the  peripheral  end  of  the  vagus  nerve,  owing  to 
the  appearance  of  idio-ventricular  beats,  and  hence  it  is  probable 
that  though  direct  action  upon  the  cardio-inhibitory  centre  may 
account  for  the  cessation  of  heart-action  which  constitutes 
syncope  (whether  fatal  or  not),  it  does  not  account  for  the 
prolonged  lowering  of  blood-pressure  which  is  present  in, 
and  which  constitutes  the  chief  symptom  of  shock.  Though, 
therefore,  we  cannot  exclude  the  possibility  that  reflex  inhibi- 
tion of  the  heart  may  be  concerned  in  the  production  of  shock, 
we  must  regard  it  as  being  principally  dependent  upon  a  pro- 
nounced diminution  of  vascular  tone  which  chiefly  affects  the 
blood-vessels  of  the  splanchnic  area,  and  which  is  induced  by 
the  action  of  afferent  impulses  whether  of  central  or  of  peripheral 
origin  upon  the  vaso-motor  centre. 

Once  it  is  allowed  that  we  have  in  extensive  vascular  dila- 
tation brought  about  by  reflex  vaso-motor  changes  the  true 
pathology  of  shock,  an  explanation  of  the  symptoms  observed 
in  this  condition  becomes  easy.  For  the  lowered  heart-action 
depends  upon  a  diminution  of  the  intake,  and  therefore  a 
diminution  of  the  output  of  the  heart  and  perhaps  upon  direct 
cardiac  inhibition ;  the  failure  of  consciousness  and  the  altered 
respiration  depend  upon  an  insufficient  supply  of  blood  to  the 

1  It  is  generally  accepted  that  in  mammals,  as  in  the  frog,  arrest  of  the  heart 
can  be  brought  about  by  reflex  stimulation  of  the  cardio-inhibitory  centre.  This 
is  probably  true,  judging  from  clinical  evidence,  but  experimentally,  I  have  never 
seen  cardiac  arrest  brought  about  by  stimulation  of  the  central  end  of  an  afferent 
nerve.  Even  stimulation  of  the  central  end  of  the  divided  vagus  (the  other  nerve 
being  intact),  though  it  often  slows  the  heart  and  leads  to  a  considerable  fall  of 
blood-pressure,  has  never  in  my  experience  led  to  complete  arrest  of  heart-action. 
I  have  performed  the  experiment  some  dozens  of  times  upon  dogs  and  rabbits. 
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brain  and  the  respiratory  centre  respectively ;  the  coldness  of 
the  skin  and  extremities  upon  the  derivation  of  blood  from 
them  to  the  dilated  splanchnic  vessels ;  the  fall  of  temperature 
upon  inactivity  of  the  thermolytic  mechanisms  combined  with 
diminution  of  thermogenesis  (whether  brought  about  by  in- 
hibition of  a  definite  thermogenetic  centre  or  no,  it  is  im- 
possible to  say) ;  while  the  shrunken  appearance  of  the  face  and 
the  thirst  are  probably  dependent  upon  dryness  of  the  tissues, 
and  are  brought  about  by  processes  that  will  be  discussed  along 
with  the  pathology  of  collapse. 

There  is  one  condition  which  is  frequently  seen  in  shock,  to 
which  reference  has  not  yet  been  made.  It  was  noticed  by 
John  Hunter  over  a  century  ago,  while  bleeding  a  patient,  that 
the  blood  which  issued  from  the  vein  was  bright  red.  Since 
the  blood-flow  at  this  time  was  slow,  Hunter  argued  that  the 
arterial  hue  could  not  depend  upon  a  more  rapid  flow  of  the 
blood  through  the  capillaries.  Brown-Sequard  investigated  the 
condition  and  came  to  the  conclusion  that  the  peculiarity 
depends  upon  an  "  inhibition  of  exchange,''  by  which  he  meant 
that  the  vital  processes  which  normally  bring  about  a  removal 
of  oxygen  from  the  blood,  and  a  giving  up  of  carbonic  acid  to 
the  blood,  are  suspended.  According  to  Brown-Sequard,  the 
essential  factor  of  "  nervous  shock "  lies  in  this  inhibition  of 
exchange,  and  he  supported  his  view  by  recalling  the  fact  that, 
in  shock,  drugs,  etc.,  introduced  into  the  stomach  or  into  the 
subcutaneous  tissue  are  not  absorbed,  and  do  not  produce  their 
physiological  action  during  the  period  of  shock,  but  are  first 
absorbed  when  shock  is  passing  off. 

Eoger  has  supported  Brown-Sequard's  view,  and  will  not 
allow  that  shock  depends  upon  vascular  paralysis  ;  according 
to  this  author  the  arteries  are  often  constricted.  He  found  that 
when  the  head  of  a  frog  has  been  crushed,  strychnine,  injected 
into  the  abdominal  vein,  fails  to  produce  its  physiological  action. 
This  fact,  he  suggests,  can  be  explained  either  on  the  hypothesis 
that  the  tissues  are  unable  to  react,  which  is  improbable,  or 
upon  the  hypothesis  that  the  poison  does  not  pass  from  the 
blood  to  the  tissues,  which  is  probable  if  for  "  the  tissues "  we 
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read  "  the  spinal  cord."  Contejean  made  the  objection  to 
Eoger's  experiment  that  the  method  of  producing  shock  injures 
the  blood-supply  of  the  cord  so  greatly  that  there  is  no  evidence 
that  the  strychnine  ever  reached  the  cord  at  all.  He,  himself, 
found  that  if  in  a  frog  prepared  by  Eoger's  method  strychnine 
be  injected  into  the  central  end  of  the  abdominal  aorta  after 
ligature  of  the  two  aortic  branches,  tetanic  symptoms  ensue. 
Moreover,  in  this  tetanic  frog,  which,  having  been  prepared  by 
Eoger's  method,  should,  according  to  that  author,  be  the  subject 
of  shock,  it  is  still  possible  to  induce  shock,  for  violent  crushing 
of  the  head  inhibits  the  spinal  cord  and  puts  an  end  to  tetanic 
convulsions. 

Eoger  replied  to  Contejean's  criticisms  by  showing  that 
crushing  of  the  head  is  not  necessary  for  the  production  of 
shock,  but  that  when  it  follows  the  discharge  of  a  Leyden  jar 
over  the  lumbar  region  (in  which  case  there  is  no  interference 
with  the  circulation  in  the  cord),  the  action  of  strychnine  is 
suspended  for  a  time.  Moreover,  he  showed  that  veratrin, 
which  prolongs  the  period  of  contraction  of  voluntary  muscle  in 
the  normal  animal,  does  not  produce  any  effect  in  a  frog  treated 
after  the  manner  described.  He  sums  up  his  view  of  shock  by 
describing  it  as  "  a  collection  of  phenomena  resulting  from  a 
violent  excitation  of  the  nervous  system  which  is  characterised 
by  a  series  of  inhibitory  acts,  of  which  one  only,  the  inhibition 
of  exchange,  is  constant  and  indispensable."  In  this  country, 
however,  the  view  set  forth  previously  is  the  one  commonly 
accepted,  with  the  addition  that  the  reflex  inhibition  is  con- 
sidered to  act  upon  "  all  the  functions  of  the  nervous  system  and 
is  not  limited  to  the  heart  and  vessels  only  "  (Mansell  Moullin). 

IV.  The  Pathology  of  Collapse. — It  has  already  been 
pointed  out  that  collapse  accompanies  diseases  in  which  the 
body  loses  large  quantities  of  fluid,  and  that  when  vomiting  is 
persistent,  collapse  comes  on  earlier  and  is  more  pronounced. 
These  facts  strongly  suggest  that  loss  of  fluid  is  the  true  cause 
of  collapse,  a  suggestion  which  has  been  raised  to  a  certainty 
by  the  experiments  of  Eoy  and  Cobbett. 

The  post-mortem  appearances  presented  by  a  person  who  has 
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died  of  Asiatic  cholera,  in  which,  as  has  already  been  said, 
collapse  is  often  extreme,  are  very  remarkable.  The  intestines 
are  full  of  a  watery  fluid,  the  spleen,  liver,  and  lungs  are  tough 
and  leathery,  very  little  blood  is  present  in  the  body,  and  such 
as  is  present  is  so  viscid  that  it  has  been  said  to  resemble  tar. 
The  state  of  the  blood  is  not  due  to  post-mortem  change,  for  the 
same  condition  has  been  observed  during  life.  These  appear- 
ances point  to  the  conclusion  that  the  fluid  which  has  collected 
in  the  intestines  has  been  derived  from  the  viscera.  In  the 
case  of  collapse  following  abdominal  operation  and  in  peri- 
tonitis it  is  true  that  these  appearances  are  not  seen  after 
death,  though  the  aspect  of  the  patient  and  the  vomiting  which 
generally  accompanies  peritonitis  are  compatible  with  a  general 
decrease  of  the  amount  of  fluid  in  the  solid  tissues.  The  experi- 
ments of  Eoy  and  Cobbett  have,  however,  shown  that  under 
these  conditions  the  solid  tissues  and  the  blood  do  lose  water, 
and  that  the  water  which  they  give  up  collects  in  the  injured 
tissues. 

Sherrington  and  Copeman  to  some  extent  anticipated  Roy  and 
Cobbett  in  reference  to  the  subject  of  collapse  (though  they 
speak  of  the  condition  as  "  shock  "),  for  they  found  that  when 
the  abdomen  is  opened  along  the  linea  alba,  especially  if  the 
abdominal  contents  are  disturbed,  the  specific  gravity  of  the 
blood  rises.  Roy  and  Cobbett,  using  dogs,  opened  the  abdomen 
widely,  disturbed  the  intestines,  and,  as  a  rule,  divided  them 
between  ligatures  in  several  places.  The  experiments  lasted 
often  from  twelve  to  eighteen  hours,  and  during  that  time 
frequent  observations  were  made  upon  the  specific  gravity  of 
the  blood,  of  voluntary  muscle,  and  of  the  intestinal  wall,  while 
throughout  the  experiment  a  continuous  graphic  record  was 
kept  of  the  blood-pressure  in  the  carotid.  They  found  that  the 
specific  gravity  of  the  blood  for  the  first  hour  or  two  after  open- 
ing the  abdomen  undergoes  no  change,  but  that  the  specific 
gravity  of  voluntary  muscle  increases,  and  the  specific  gravity 
of  the  intestinal  wall  diminishes  to  a  marked  extent.  Later, 
the  rise  in  specific  gravity  of  muscle  comes  almost  to  an  end, 
and  then  the  specific  gravity  of  the  blood  begins  to  rise  ;  the 
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specific  gravity  of  the  intestinal  wall  continues  to  fall.  For 
some  hours  after  the  specific  gravity  of  the  blood  has  begun  to 
rise,  the  blood-pressure  shows  no  sign  of  falling,  but  the  pulse 
becomes  smaller  and  more  rapid ;  when  at  last  the  blood- 
pressure  begins  definitely  to  fall,  it  falls  rather  rapidly,  and 
death  usually  occurs  a  few  hours  later.  The  temperature  of 
the  animals  shows  a  marked  tendency  to  fall,  but  loss  of  heat 
was  obviated  in  the  actual  experiments  by  keeping  the  animal 
suspended  over  a  bath  of  warm  water. 

The  explanation  of  these  phenomena  is  given  in  the  words 
used  by  Cobbett  in  his  article  on  "  Shock  and  Collapse  "  in  All- 
butt's  System  of  Medicine. 

"  The  events  which  occurred  in  these  experiments  as  the 
result  of  a  severe  abdominal  operation  may  be  arranged  in  three 
periods  : — 

"(a)  During  the  first  period  fluid  was  poured  out  into  the 
injured  tissues ;  but  the  blood  remained  unaffected  by  this  loss, 
because  an  equal  quantity  of  fluid  was  passing  into  it  from  the 
uninjured  tissues. 

"  (b)  During  the  second  period  this  compensatory  flow  of  fluid 
became  insufficient  to  meet  the  loss,  the  density  of  the  blood 
gradually  increased  and  signs  of  failure  of  the  circulation  began 
to  appear ;  nevertheless  the  arterial  pressure  remained  practically 
unchanged. 

"  (c)  The  third  period  was  that  of  the  fall  of  blood -pressure,  and 
it  continued  until  the  death  of  the  animal. 

"  The  duration  of  the  first  period  varied  in  different  cases  from 
one  to  several  hours.  It  probably  depended  partly  upon  the 
severity  and  extent  of  the  injury,  and  partly  upon  the  quantity 
of  fluid  present  in  the  tissues  of  the  animal  at  the  beginning  of 
the  experiment.'"' 

It  was  calculated  that  during  one  of  these  experiments  the 
blood  may  lose  as  much  as  one-third  of  its  original  volume,  and 
since,  for  a  certain  number  of  hours  before  it  began  to  increase 
in  density,  fluid  was  leaving  the  tissues,  the  total  amount  of 
fluid  that  must  have  been  abstracted  from  the  body  generally 
to  collect  in  the  region  of  injury  must  have  been  enormous. 
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The  experiments  of  Eoy  and  Cobbett  are  completely  in  harmony 
with  those  made  by  the  author  upon  the  pathology  of  cedenia 
and  described  in  Chapter  VI. 

In  human  beings  Griinbaum  has  also  observed  a  rise  in  specific 
gravity  of  the  blood  under  similar  conditions.  Cobbett  refers 
to  three  cases  of  laparotomy  in  which  Griinbaum  found  that  the 
specific  gravity  of  the  blood  rose  from  five  to  seven  points.  In 
dogs  Eoy  and  Cobbett  found  a  rise  in  specific  gravity  of  as  much 
as  fourteen  points,  but  the  conditions  were  of  course  exceptional. 

The  pathology  of  collapse,  therefore,  consists  essentially  in  an 
abstraction  of  water  from  the  solid  tissues  and  the  blood. 

In  the  case  of  burns  and  scalds  it  is  probable  that  the  prostra- 
tion so  commonly  observed  is  in  part  caused  by  shock,  in  part 
by  collapse.  We  can  hardly  refuse  a  part  to  shock  if  we  bear 
in  mind  the  great  degree  to  which  cutaneous  sensory  nerves  are 
concerned  in  these  conditions,  but  that  collapse  also  plays  a 
part  is  shown  by  the  experiments  of  Sherrington.  Sherrington 
found  that  though  the  animal  be  under  the  influence  of  an 
anaesthetic  at  the  time  of  the  experiment,  and  though  the 
nerves  be  cut  to  prevent  subsequent  pain,  immersion  of  the 
hind  limbs  in  hot  water  leads  to  a  marked  rise  in  the  specific 
gravity  of  the  blood  which  may  last  for  two  or  three  days.  It  is 
highly  probable  that  along  with  increase  in  density  of  the  blood 
there  goes  an  increase  in  density  of  the  solid  tissues,  and  these, 
together  with  the  output  of  fluid  in  the  injured  region,  pre- 
sent a  condition  exactly  comparable  with  that  in  the  experi- 
ments of  Eoy  and  Cobbett. 

Now  the  effects  which,  when  produced  on  a  large  scale,  lead 
to  collapse,  take  place  on  a  small  scale  when  the  experimental 
interference  is  so  slight  that  it  does  not  lead  to  shock  or 
collapse.  This  is  shown  by  certain  experiments  made  by  the 
author.  If  the  two  hind  limbs  of  a  dog  be  tightly  bandaged 
from  below  upwards  so  as  to  render  them  completely  anaemic, 
and  after  an  hour  (the  reason  for  the  delay  will  appear  subse- 
quently) the  specific  gravity  of  the  blood  and  of  the  solid 
tissues  (voluntary  muscle)  be  taken  and  the  bandage  be  re- 
moved, it  will  be  found  that  in  a  short  time  the  specific  gravity 
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of  the  blood  has  fallen  somewhat,  and  the  specific  gravity  of 
the  solid  tissues  has  risen  considerably.  The  explanation  of 
these  facts  obviously  is  that  when  the  capacity  of  the  vascular 
system  is  suddenly  increased,  fluid  enters  the  blood  from  the 
tissues  to  increase  the  volume  of  the  blood.  In  this  case,  how- 
ever, there  is  at  most  only  a  slight  output  of  fluid  into  the 
tissues  of  the  previously  bandaged  limbs,  and  therefore  the 
specific  gravity  of  the  blood  shows  a  definite  fall  instead  of 
remaining  constant  as  it  did  in  Eoy's  and  Cobbett's  experiments 
where  the  injury  to  the  tissues  was  great,  and  where  the  out- 
put of  fluid  into  them  was  great  also. 

It  is  probable  that  this  drying  and  consequent  shrinkage  of 
the  tissues  explains  in  part  the  shrunken  features  seen  in  shock 
and  collapse,  for  in  collapse  there  is  no  doubt  that  the  specific 
gravity  of  the  solid  tissues  rises,  and  in  shock  the  conditions 
produced  by  a  sudden  dilatation  of  vessels  in  the  splanchnic 
area  is  exactly  comparable  to  the  conditions  produced  in  the 
experiment  just  mentioned  when  the  bandages  are  removed 
from  the  hind  limbs.  Nevertheless  the  shrunken  features 
must  in  part  be  due  to  the  fact  that  both  in  shock  and  in 
collapse  the  peripheral  blood-vessels  are  contracted. 

V.  Transfusion. — A  large  number  of  cases  in  which  pros- 
tration occurs  are  so  obviously  associated  with  conditions  in 
which  a  considerable  quantity  of  blood  (haemorrhage)  or  of 
other  fluid  (Asiatic  cholera)  has  been  lost  by  the  body,  that, 
naturally,  replacement  of  fluid  was  early  thought  of  as  the 
means  whereby  the  prostration  was  to  be  met.  Without  going 
into  the  clinical  aspect  of  transfusion  it  may  be  said  that  the  fluids 
used  have  chiefly  been  defibrinated  blood  and  salt  solution. 
Though  the  reasoning  upon  which  transfusion  was  undertaken 
was  sound,  the  practice  has  fallen  into  a  considerable  degree  of 
disrepute,  partly  owing  to  the  dangers  accompanying  transfusion 
(especially  if  blood  is  used),  and  partly  because  relief,  if  obtained, 
was  only  temporary.  In  this  section  the  experimental  side  of 
transfusion  will  be  discussed  and  an  endeavour  will  be  made  to 
account  for  the  evanescence  of  relief  given  by  transfusion  to  the 
patient.    In  the  author's  opinion  there  is  a  great  future  for 
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transfusion  as  a  therapeutic  means  in  cases  of  collapse  and 
probably  also  in  some  cases  of  shock,  but  the  mode  in  which 
transfusion  is  to  be  carried  out  in  order  to  obtain  lasting  relief 
must  be  different  from  that  which  has  hitherto  been  adopted, 
and  must  conform  with  indications  received  from  experimental 
pathology. 

The  volume  of  fluid  which  may  experimentally  be  injected 
into  the  circulation  of  a  dog  through  the  external  jugular  vein 
without  raising  the  arterial  blood-pressure  for  more  than  a  very 
short  time  is  surprising.  It  is  possible  thus  to  inject  an  amount 
of  saline  solution  or  of  blood  equal  to  one-half  or  two-thirds  of 
the  original  volume  of  blood  without  producing  the  slightest 
discomfort  to  the  animal  or  any  permanent  rise  in  its  aortic 
blood-pressure.  It  is  true  that  while  the  actual  injection  of  fluid 
is  proceeding  the  aortic  blood-pressure,  as  measured  by  a 
manometer  in  the  carotid,  rises,  but  this  is  due  to  the  fact  that 
the  amount  of  blood  reaching  the  right  heart  during  each 
diastole  is  temporarily  increased  by  the  amount  of  fluid  injected, 
and  therefore  the  output  of  the  left  ventricle  is  temporarily 
increased  also ;  but  directly  the  injection  of  fluid  ceases  the 
arterial  blood-pressure  begins  to  fall  and  very  soon  again1 
reaches  its  original  level.  This  behaviour  of  the  blood-pressure, 
however,  is  only  seen  when  its  level  before  the  injection  was  at 
or  about  the  normal.  If  the  blood-pressure  previous  to  injection 
was  low,  as  for  example  after  division  of  the  cervical  spinal  cord 
or  division  of  the  splanchnic  nerves,  a  full  return  to  the  original 
level  after  the  termination  of  injection  does  not  take  place,  but 
on  the  contrary  the  blood-pressure  is  permanently  left  at  a 
higher  level  than  pbtained  before  injection.  The  difference 
varies  according  to  the  amount  of  fluid  injected.  This  distinction 
is  one  of  great  importance  in  connection  with  transfusion  in 
cases  of  shock  and  collapse. 

Now  maintenance  of  the  blood-pressure  under  the  first  set  of 
conditions  mentioned,  so  far  as  the  vascular  system  is  concerned, 

1  Within  a  minute  ;  if  the  injection  be  carried  out  slowly,  even  this  temporary- 
rise  is  absent  and  the  tracing  yielded  by  the  arterial  blood-pressure  maintains  a 
constant  mean  level  throughout. 
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can  only  be  brought  about  by  an  increase  in  the  capacity  of  the 
vascular  system ;  for  if  the  capacity  of  the  system  remained 
the  same  and  the  volume  of  fluid  within  it  were  increased  the 
pressure  within  the  system  must  rise. 

The  capacity  of  the  vascular  system  may  be  increased  in  three 
ways,  either  by  an  active  dilatation  of  the  small  arterioles,  or  by 
a  passive  (or  active)  distension  of  the  capillaries  and  veins,  or 
by  both.  It  has  been  shown  by  Eoy  and  Adami  that  in  the 
dog  intra-vascular  injection  of  a  small  quantity  of  defibrinated 
blood  may  double  the  output  of  the  heart,  and  we  have  already 
seen  that  increase  in  output  of  the  heart  raises  the  blood-pressure, 
unless  it  be  accompanied  by  a  corresponding  diminution  of 
peripheral  resistance,  so  that  since  the  blood-pressure  in  a 
transfusion  experiment  remains  constant  it  follows  that  the 
peripheral  resistance  must  be  diminished.  The  small  arterioles 
in  the  body  must  be  dilated,  and  the  increased  vascularity  of 
superficial  parts  after  a  copious  intra-vascular  injection  shows 
that  this  is  the  case.  But  if  the  amount  of  fluid  injected  be 
equal  to  one-half  or  two-thirds  of  the  original  volume  of  blood, 
dilatation  of  the  arterioles  alone  would  be  insufficient  to  prevent 
a  rise  of  blood-pressure.  Here  the  distensibility  of  the  veins 
comes  into  play.  The  veins  generally,  but  in  particular  those  of 
the  splanchnic  area,  become  dilated,  and  it  is  in  this  portion  of 
the  vascular  system  that  the  main  increase  of  capacity  takes  place. 
The  blood-pressure  in  the  large  veins  in  such  a  case  does  not 
rise,  and  this  is,  of  course,  due  to  the  fact  that,  though  the  small 
veins  contain  more  blood  than  normal,  they  are  more  dilated. 
Whether  the  venous  dilatation  is  brought  about  in  an  active 
manner  through  the  control  of  nerves,  or  whether  it  is  that 
they  are  passively  distended  because  the  arterial  dilatation 
exposes-  them  to  a  greater  proportion  of  the  force  exerted  by  the 
ventricle,  it  is  impossible  to  say :  in  some  more  or  less  modified 
form  the  latter  view  is  the  one  that  is  usually  held. 

But  though  large  intra-vascular  injections  are  in  the  normal 
animal  practically  without  effect  upon  the  blood-pressure,  it  is 
impossible  to  believe  for  a  moment  that  they  are  completely 
without  influence  upon  the  body.    Cohnheim,  it  is  true,  found 
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on  injecting  enormous  quantities  of  saline  solution  into  the 
circulation  that  the  glands  which  normally  secrete  a  watery  fluid, 
e.g.,  kidney,  salivary  glands,  commence  to  pour  out  their  secre- 
tions in  large  quantities.  But  it  is  easy  to  show  that  even  small 
variations  in  the  amount  of  fluid  in  the  blood-vessels  have  their 
effect.  In  the  last  section  mention  was  made  of  the  modifications 
in  specific  gravity  undergone  by  blood  and  muscle  on  removal  of 
a  bandage.  The  first  part  of  the  experiment  was  not  mentioned, 
but  it  is  highly  instructive  from  the  point  of  view  of  transfusion. 
When  one  or  more  limbs  of  a  dog  are  rendered  completely 
bloodless  by  tight  bandaging  from  the  paw  upwards  with  an 
elastic  bandage  a  new  set  of  conditions  is  introduced.  The  body, 
so  far  as  the  circulation  is  concerned,  consists  of  the  animal 
minus  the  bandaged  limb  into  which  no  blood  can  enter,  and 
since  in  this  11  diminished  body  "  there  circulates  the  same  amount 
of  fluid  as  circulated  in  the  whole  body  previous  to  the  applica- 
tion of  the  elastic  bandage,  the  "  diminished  body "  is  in  the 
same  position  as  if  a  certain  volume  of  fluid  had  been  directly 
injected  into  the  circulation  and  the  limb  had  not  been  bandaged. 
One  important  difference,  however,  must  be  noted:  by  this 
method  of  producing  plethora  the  disadvantage  of  injecting  a 
fluid  which  differs  from  the  blood  in  some  greater  or  less  extent 
is  entirely  avoided,  for  the  fluid  whereby  the  plethora  is  produced 
is  absolutely  normal  to  the  animal  in  composition. 

The  effects  of  plethora  induced  after  this  manner1  are 
marked,  though  they  are  not  to  be  looked  for  in  modifications 
of  blood-pressure  or  in  secretion  of  urine  or  saliva,  or  in  any  other 
of  those  points  which  were  recognised  by  Cohnheim.  About  an 
hour  after  the  establishment  of  plethora  it  is  found  that  the 
specific  gravity  of  the  blood  has  risen,  the  specific  gravity  of  the 
tissues  as  represented  by  voluntary  muscle  has  fallen.  Fluid 
of  lower  specific  gravity  than  the  blood  has  therefore  left  the 
blood,  fluid  of  lower  specific  gravity  than  the  muscle  has  entered 
the  muscle.  Moreover,  on  centrifugalising  specimens  of  blood 
and  comparing  the  ratio  borne  by  the  volume  of  the  plasma 

1  Plethora  induced  in  this  manner  is  sometimes  known  as  "plethora 
apocoptica." 
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to  the  whole  blood,  it  is  seen  that  after  plethora  has  been 
established  the  volume  of  the  plasma  diminishes.  Nevertheless 
it  is  not  plasma  as  such  which  leaves  the  blood-vessels  but  some- 
thing less  than  plasma,  for  it  is  found  that  the  specific  gravity 
of  the  blood-plasma  has  risen.  When,  therefore,  the  ratio 
between  volume  of  blood  and  capacity  of  blood-vessels  is 
suddenly  disturbed  by  a  sudden  increase  in  the  volume  of  the 
blood,  the  normal  ratio  is  in  a  short  time  re-established  by  the 
aid  of  a  transference  of  a  portion  of  the  blood-plasma  to  the 
voluntary  muscles.  The  length  of  time  that  it  takes  for  this  re- 
establishment  of  equilibrium  is  very  short,  the  whole  process  is 
complete  in  an  hour  at  the  most,  and  the  new  levels  of  specific 
gravity  are  maintained  until  other  processes  have  reduced  the 
specific  gravity  of  the  blood  and  raised  the  specific  gravity  of 
the  muscles  to  what  may  be  spoken  of  as  the  normal  levels. 
This  latter  portion  of  the  process,  however,  is  far  more  gradual. 

Now  though  the  effects  of  removing  the  bandage  upon  the 
specific  gravity  of  blood  and  of  tissues  are  identical  in  direction, 
though,  of  course,  not  identical  in  degree,  with  the  effects  of 
copious  haemorrhage,  certain  important  and  instructive  facts 
appear  when  the  volume  of  the  blood  is  increased  by  actual 
injection  of  fluid,  which  do  not  appear  or  are  not  clearly  seen  in 
plethora  apocoptica.  The  fluid  which  is  used  for  injection  is, 
in  the  vast  majority  of  cases,  "normal  saline  solution,"  which 
has  a  specific  gravity  of  1005.  As  a  result  of  its  admixture 
with  the  blood  the  specific  gravity  of  the  blood  falls  to  a  greater 
or  less  extent  according  to  the  amount  of  saline  solution  in- 
jected. The  lowest  point  of  specific  gravity  is  reached  almost 
during  the  very  time  of  injection,  and  from  the  moment  when 
injection  ceases  the  specific  gravity  of  the  blood  begins  to 
recover  itself.  The  rapidity  with  which  it  does  this,  i.e.,  the 
rapidity  with  which  fluid  is  transferred  from  blood-vessels  to 
the  tissues,  depends  essentially  upon  the  amount  of  fluid  which 
the  tissues  already  contain.  If  the  animal  have  been  deprived  of 
water  for  twenty-four  hours  before  the  experiment,  the  rise  in 
specific  gravity  of  the  blood  is  more  rapid  than  if  the  animal  have 
been  plentifully  supplied  with  water ;  in  summer  the  rise  is  more 
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rapid  than  in  winter,  and  so  on.  The  first  portion,  too,  of  any 
given  return  to  normal  is  more  rapid  than  the  later  portion,  so 
that  if,  for  example,  the  specific  gravity  of  the  blood  rises  ten 
degrees  in  the  hour  subsequent  to  injection,  eight  of  those 
degrees  will  have  been  accomplished  during,  perhaps,  the  first 
half-hour. 

But  the  amount  of  fluid  which  the  tissues  can  hold  is 
limited,  and  the  fact  that  this  recovery  of  specific  gravity  by 
the  blood  after  intra-venous  injection  depends  upon  the  amount 
of  fluid  in  the  tissues,  is  well  seen  by  making  a  series  of  copious 
intra-vascular  injections  in  the  same  animal  at  intervals.  If, 
in  a  dog  weighing  13  kilos.,  300  c.c.  of  saline  solution  be 
injected  into  the  circulation,  the  blood  will  be  found  to  have 
recovered  completely  from  an  initial  fall  in  specific  gravity  of 
perhaps  ten  degrees  in  about  one  hour,  but  if  a  second  intra- 
vascular injection  of  the  same  amount  be  now  given,  the  specific 
gravity  of  the  blood  will  not  recover  itself  completely  under 
about  two  hours,  while  after  a  fourth  or  fifth  injection  the 
specific  gravity  of  the  blood  may  remain  at  its  lowest  point 
(and  this  is  lower  than  after  any  of  the  previous  injections), 
without  more  than  a  bare  attempt  at  rising,  for  hours.  The 
tissues  show  corresponding  changes  in  specific  gravity  :  after 
a  first  intra-vascular  injection  the  voluntary  muscles  fall  in 
specific  gravity  to  a  greater  extent  than  they  do  after  a  second 
or  a  third,  while  if  a  series  of  intra-vascular  injections  be  given, 
it  will  be  found  that  a  point  is  reached  when  the  muscles 
undergo  no  further  change  in  specific  gravity  at  all.  It  is 
when  this  condition  of  the  muscles  obtains  that  the  specific 
gravity  of  the  blood  remains  close  to  its  lowest  point  for  hours. 
The  tissues,  therefore,  may  be  regarded  as  a  reservoir,  by  varia- 
tions in  the  contents  of  which  the  volume  of  the  blood  is  kept 
constant. 

But  there  is  yet  one  more  fact  that  is  demonstrated  with  the 
utmost  clearness  by  copious  intra-vascular  injections  of  saline 
solution,  and  it  is  that  after  a  first  and  perhaps  a  second  injec- 
tion of  a  series  the  specific  gravity  of  the  blood  not  only  re- 
covers itself  completely  after  its  initial  fall,  but  goes  beyond  the 
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mark.  There  is  absolutely  no  doubt  that  if  a  copious  injection 
of  salt  solution  has  lowered  the  specific  gravity  of  the  blood 
from,  say,  1064  to  1054,  the  specific  gravity  of  the  blood  will 
rise  from  1054  and  continue  to  rise  until  it  has  passed  the 
original  specific  gravity  of  the  blood  and  reached  perhaps  1066 
or  1067.  Further,  the  result  of  a  second  intra- vascular  injec- 
tion may  be  of  two  kinds.  Continuing  the  example  just  given, 
the  rise  from  the  initial  fall  in  specific  gravity  after  the  second 
injection  may  be  complete  when  the  specific  gravity  of  the 
blood  is  1065  (higher  than  the  initial  specific  gravity  of  the 
blood  but  lower  than  the  specific  gravity  of  the  blood  immedi- 
ately before  the  second  injection  was  given),  or  it  may  continue 
to  rise  until  it  has  reached  1068  (higher  than  before  either  the 
first  or  the  second  injection).  It  is  one  of  the  most  astonishing 
paradoxes  of  experimental  pathology  that  the  specific  gravity 
of  the  blood  can  actually  be  raised  by  injecting  into  it  a  large 
quantity  of  a  fluid  having  a  considerably  lower  specific  gravity 
than  itself. 

Now  these  experiments  teach  most  conclusively  that  if 
transfusion  is  to  be  used  as  a  therapeutic  means  to  combat 
shock  and  collapse,  a  single  injection  of  fluid  is  worse  than 
useless.  For  in  shock  and  in  the  later  stages  of  collapse  the 
blood-pressure  is  low,  and  if  the  maintenance  of  a  moderately 
high  (normal)  blood-pressure  is  the  object  to  be  attained,  it 
cannot  be  attained  by  a  single  injection  unless  the  quantity  of 
fluid  introduced  is  appalling  to  the  surgeon.  And  if,  as  is 
more  likely,  the  drying  of  the  tissues  and  the  inspissation  of 
the  blood  is  the  evil  to  be  overcome  (at  least  in  collapse),  a 
single  transfusion  is  equally  futile.  For  in  collapse,  and 
probably  also  to  some  degree  in  shock,  the  amount  of  fluid  in 
the  tissues  is  greatly  diminished,  and  it  has  been  pointed  out 
that,  when  an  animal  has  been  deprived  of  water,  the  specific 
gravity  of  the  blood  falls  less  as  the  result  of  intra-vascular 
injection,  regains  the  original  level  in  a  shorter  time,  and  over- 
shoots the  mark  to  a  greater  extent.  The  results,  therefore, 
that  have  been  gained  by  practical  experience  are  exactly  those 
which  experimental  pathology  would  have  us  learn. 
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But  it  is  important  to  note  that  as  the  tissues  become 
saturated  with  fluid  this  tendency  of  the  specific  gravity  of  the 
blood  to  overshoot  the  mark  diminishes,  and  after  a  third, 
fourth  or  fifth  injection,  injection  of  a  fluid  of  lower  specific 
gravity  than  the  blood  leads  to  a  prolonged  and  marked  lower- 
ing in  the  specific  gravity  of  the  blood.  It  is  quite  possible 
that  the  discredit  attaching  to  transfusion  as  a  therapeutic 
means  is  simply  due  to  the  fact  that  transfusion  has  not  been 
given  a  fair  trial.  To  allow  it  a  fair  chance  of  success  it  should 
be  repeated  again  and  again  at  short  intervals  until  it  has  pro- 
duced a  marked  and  more  or  less  permanent  effect  upon  the 
specific  gravity  of  the  blood. 

In  the  normal  animal  the  specific  gravity  of  the  blood  can  also 
be  lowered  (and  its  volume  at  the  same  time  increased)  for  a  short 
time,  by  injection  into  the  circulation  of  a  concentrated  solution 
of  a  crystalloid.  This  diminution  of  specific  gravity  takes  place 
in  a  surprisingly  short  time.  Thus  if,  in  a  dog  weighing  13  kilos., 
18  gms.  of  glucose  dissolved  in  30  c.c.  of  water  be  injected  into 
the  jugular  vein,  it  will  be  found  two  or  three  minutes  later  that 
the  specific  gravity  of  the  blood  has  fallen  perhaps  ten  degrees, 
and  the  specific  gravity  of  the  blood-plasma  perhaps  four 
degrees.  Such  diminutions  in  specific  gravity  indicate  that  the 
volume  of  the  blood  has  been  increased  by  perhaps  one  quarter. 

Sherrington  and  Copeman  have  found  that  the  diminution 
in  specific  gravity  of  the  blood  brought  about  by  injection  of 
strong  sugar  solution  lasts  longer  than  that  brought  about  by 
weak  saline  solutions,  and  it  has  been  suggested  (Cobbett)  that 
a  plan  of  treatment  dependent  upon  transfusing  strong  sugar 
solutions  "  offers  some  prospect  of  success."  Since  the  fall  in 
specific  gravity  of  the  blood  brought  about  by  injection  of 
strong  solutions  of  crystalloids  depends  upon  an  abstraction  of 
water  from  the  tissues,  it  seems  to  the  author  that  not  much 
assistance  can  be  expected  in  this  direction,  partly  because  the 
amount  of  water  in  the  tissues  has  already  suffered  a  severe 
diminution,  and  partly  because  a  further  diminution  would 
probably  only  aggravate  matters.  Nevertheless  it  is  likely 
that  better  results  would  be  obtained  if,  instead  of  a  "  normal " 
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sodium  chloride  solution,  a  weak  solution  of  glucose  (say  2-25 
per  cent.)  were  used  in  transfusion,  for  glucose  is  better  borne 
by  an  animal  than  sodium  chloride.  The  author  has  frequently 
seen  small  intra-vascular  injections  of  an  18  per  cent,  solution 
of  sodium  chloride  prove  fatal  to  a  dog,  whereas  he  has  never 
found  intra-vascular  injection  of  a  55  per  cent,  solution  of 
glucose  produce  the  slightest  symptom  that  might  cause  alarm. 
Solutions  of  these  strengths  are  no  doubt  excessive,  but  their 
use  shows  that  in  transfusion  less  risk  is  run  if  glucose  is 
injected  than  if  sodium  chloride  is  injected,  a  point  which  is 
important  in  connection  with  the  repeated  transfusion  that  has 
been  advocated  above  as  a  therapeutic  measure. 

It  will  have  been  noticed  that  in  the  preceding  pages  no  men- 
tion has  been  made  either  of  sudden  diminution  in  abdominal 
or  thoracic  pressure  or  of  poisons  as  causes  of  shock  and 
collapse.  The  effects  of  both  of  these  are  often  very  similar  to 
those  of  shock  and  collapse,  but  in  the  case  of  poisons  at  all 
events  (whether  bacterial  or  non-bacterial),  we  are  so  ignorant 
of  their  method  of  action  that  it  is  at  present  impossible  to 
decide  whether  they  cause  shock  or  collapse,  or  indeed  whether 
they  cause  either  of  these  conditions  as  they  have  been  described 
above.  It  is  possible,  however,  that  with  advancing  knowledge 
the  effects  of  many  poisons  may  be  shown  to  depend  either 
upon  vascular  paralysis  (shock)  or  upon  inspissation  of  the 
blood  (collapse). 

In  the  case  of  sudden  diminution  of  abdominal  pressure 
(as,  for  example,  in  paracentesis)  the  pathology  of  the  faintness 
which  may  occur,  and  which  by  many  clinicians  would  be 
spoken  of  as  "  shock,"  is  quite  different.  The  diminution  of 
pressure  leads,  it  is  true,  to  a  withdrawal  of  the  blood  from 
the  rest  of  the  body  to  the  implicated  region,  but  the  nervous 
element  which  is  characteristic  of  shock  is  quite  absent.  The 
dilatation  of  blood-vessels  (cf.  p.  131)  is  brought  about  by 
mechanical  and  not  by  reflex  nervous  causes.  If  anything, 
the  patient's  general  condition  probably  approaches  more  to 
collapse   than   to  shock,  for  one  would  expect   the  sudden 
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increase  in  capacity  of  the  vascular  system,  like  the  removal 
of  the  elastic  bandage  from  the  limbs  of  the  dog  in  the 
experiment  already  described,  to  lead  to  a  rise  in  specific 
gravity  of  the  tissues  and  a  fall  in  specific  gravity  of  the 
blood.  But  of  this  we  have  no  direct  evidence,  and  even  if 
it  be  true,  the  actual  condition  would  not  be  one  of  collapse, 
since  the  very  changes  which  are  characteristic  of  collapse, 
and  upon  which  the  collapsed  condition  depends,  would  be 
those  which,  in  the  case  of  paracentesis  and  allied  conditions, 
would  bring  about  amelioration  of  the  symptoms.  For  where 
paracentesis  is  needed  the  tissues  are  commonly  waterlogged, 
and  transference  of  fluid  from  them  to  the  blood-vessels  must 
be  rather  an  advantage  than  otherwise.  Probably  the  symptoms 
sometimes  seen  after  paracentesis,  etc.,  are  due  solely  to  a  cere- 
bral anaemia  suddenly  brought  about  by  mechanical  causes  and 
quickly  rectified. 
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CHAPTER  XII. 


The  Pathology  of  Nutrition. 


Synopsis, 


I.  General  Considerations  on  Nutri- 
tion. 

(i)  The  Blood-Supply. 

(ii)  The  Cell. 

(iii)  Influence    of  Nervous 

System. 

II.  Local  Death. 

(i)  Gangrene, 
(ii)  Coagulation-Necrosis. 

(iii)  Colliquative-Necrosis. 

(iv)  Fat-Necrosis. 

III.  The  Degenerations  and  Infiltra- 
tions. 

(i)  Fatty  Changes. 

(ii)  The  Lardaceous  Change. 

(iii)  Colloid,    Mucoid,  and 

Hyaline  Changes. 

(iv)  Cloudy  Swelling. 


(v)  Calcification. 

(vi)  Pigmentation. 

IV.  Atrophy  and  Hypertrophy, 
(i)  Atrophy. 

(ii)  Hypertrophy. 

(iii)  Fibrosis     and  certain 

Allied  Changes  in 
Bones  and  Joints. 

V.  The    New-Growths     or  Neo- 
plasms. 

(i)  Definition. 

(ii)  Classifications. 

(iii)  Histological  Characters. 

(iv)  Nutritional  Changes 

undergone  by  Neo- 
plasms. 

(v)  Pathogenesis, 
(vi)  Cysts. 


The  pathology  of  "  nutrition "  is  logically  co-extensive  with 
pathology,  for  every  pathological  condition  is  fundamentally  a 
nutritive  one.  But  it  is  customary  to  restrict  the  meaning  of 
the  term  to  certain  changes  seen  in  the  tissues.  These  are  : 
local  death  ;  the  degenerations  and  infiltrations  ;  atrophy  and 
hypertrophy ;  and  the  formation  of  new- growths.  To  this 
custom  we  shall  adhere,  and  after  a  few  remarks  have  been 
made  on  the  pathology  of  nutrition  generally,  we  shall  discuss 
the  above  subjects  in  the  order  given. 

L  General  Considerations. — Since  the  tissues  are  com- 
posed of  cells  or  their  derivatives,  nutrition  of  a  tissue  comes 
to  mean  nutrition  of  its  component  cells  or  cell-derivatives. 


GENERAL  CONSIDERATIONS  ON  NUTRITION. 


499 


These  cells  take  up  substances  from  the  blood  or  lymph,  build 
them  more  or  less  closely  into  their  own  structure,  break  some 
of  them  down  in  the  performance  of  function  and  cast  the 
waste  products  again  into  the  lymph.  Hence  normal  nutrition 
depends  upon  two  factors,  the  blood  and  the  cell.  When 
either  of  these  is  abnormal,  nutrition  is  altered,  and  with  the 
alteration  of  nutrition  there  come  modification  of  structure 
and  modification  of  function.  Nevertheless  it  does  not  follow 
that  we  are  always  able  to  detect  the  structural  alteration  with 
the  means  at  our  disposal,  for  greater  changes  are  necessary 
to  produce  recognisable  structural  alteration  of  cells  than  are 
necessary  to  produce  recognisable  functional  alteration. 

The  blood  and  the  cell  are  themselves  subject  to  many 
influences.  The  blood  is  constantly  changing  in  composition ; 
food,  drink,  substances  thrown  into  it  by  other  cells,  whether 
for  removal  from  the  body  or  as  internal  secretions,  all  produce 
their  effect.  The  cell  possesses  an  inherent  power  to  feed  itself 
which  it  has  received  from  its  parent,  and  in  the  majority  of 
cases  it  is  under  the  control  of  the  nervous  system.  The  action 
and  inter-action  of  blood  and  cells  must  therefore  bring  about 
that  inter-dependence  of  tissues  to  which  reference  was  made 
in  the  first  chapter,  and  no  alteration  of  nutrition  in  one  part 
can  be  without  its  effect  upon  the  nutrition  of  all  parts.  We 
must  therefore  consider  briefly  in  connection  with  the  pathol- 
ogy of  nutrition,  (i.)  the  blood-supply,  (ii.)  the  tissue,  (iii.)  the 
influence  of  the  nervous  system. 

(i.)  The  Blood-Supply. — As  we  have  already  dealt  fully 
with  the  blood  and  circulation,  it  is  unnecessary  to  consider 
this  factor  in  nutrition  at  length.  From  what  has  been  said, 
it  is  clear  that  all  conditions  which  modify  the  constitution 
of  the  blood  or  its  distribution  are  liable  to  produce  tissue- 
change.  In  most  cases  the  blood-supply  or  the  blood  itself  is 
altered  in  the  direction  of  deficiency.  The  heart  is  enfeebled, 
the  blood-vessels  are  narrowed  or  obstructed,  there  is  oligocy- 
themia or  oligochromsemia,  or  the  blood-plasma  is  more  watery 
than  normal  or  fails  to  contain  some  internal  secretion.  Some- 
times the  direction  is  in  that  of  excess,  but  since  the  tissues 
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themselves  are  a  determining  factor  in  their  own  nutrition,  an 
excessive  supply  of  blood  acting  alone  must  be  very  marked 
and  long  continued  before  it  produces  tissue-change,  except 
in  the  case  of  delicate  tissues  such  as  nerve-matter  and  gland. 
Sometimes  the  blood  contains  a  completely  abnormal  substance, 
as  in  the  case  of  poisons,  whether  inorganic  {e.g.,  phosphorus, 
arsenic)  or  bacterial  {e.g.,  diphtheria  toxin,  etc.),  or  a  substance 
which  is  normally  discharged  from  the  body  {e.g.,  in  ursemia). 

Modifications  of  the  blood  also  produce  modifications  of  the 
lymph.  But  the  lymph  may  also  undergo  changes  on  its  own 
part ;  the  chief  of  these  consists  in  absorption  of  abnormal 
substances  from  the  tissues,  e.g.,  bacteria  and  their  toxins,  pig- 
ments, portions  of  malignant  new-growths,  etc.  Deposition  of 
these  in  lymph-glands  leads  to  alteration  of  nutrition  and 
tissue -change,  here  and  elsewhere. 

(ii.)  The  Tissues. — The  tissue-cells  possess  an  inherent 
power  of  taking  up  nourishment  from  the  blood,  which  they 
inherit  from  their  parent  cells,  and  which  is  independent  of 
the  nervous  system.  This  is  seen  well  in  the  case  of  the  leuco- 
cyte ;  it  lives,  moves,  takes  up  solids  and  liquids  into  itself, 
and  reproduces  itself,  independently  of  the  nervous  system  and 
of  the  blood-supply,  only  needing  that  a  nutrient  fluid  shall  be- 
presented  to  it.  It  is  especially  true  of  the  most  important  of- 
all  cells — the  sperm  and  germ  cells — and  is  probably  true  of  all 
cells  in  the  body.  The  same  inherited  power  to  take  up  nutri- 
ment from  the  blood  is  also  found  in  the  cells  of  a  sarcoma 
or  carcinoma,  for  these  grow  and  reproduce  themselves  in 
characteristic  fashion  quite  apart  from  nervous  system  and 
quite  apart  from  function. 

Where,  then,  there  is  an  inherited  fault  in  the  power  of 
taking  up  nutriment  from  the  blood,  there  must  be  impaired 
nutrition 1  and  a  corresponding  tendency  to  tissue- change.  One 

1  In  their  work  on  hereditary  transmission  of  acquired  immunity,  Charrin  and 
Gley  found  that  the  offspring  of  rabbits  that  had  been  actively  immunised  with 
bacilli  or  toxin  (B.  pyocyaneus)  were  considerably  below  the  normal  weight  even 
6-8  months  after  birth.  Charrin  and  Nobecour  carried  the  question  further  and 
studied  the  daily  growth  of  infants  over  long  periods.  They  found  that  where- 
as the  lowest  daily  increase  of  weight  was  16  gms.  in  the  case  of  children  born  of 
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of  the  faults  probably  has  reference  to  the  longevity  of  the 
cell,  and  this  might  well  account  for  pathological  conditions 
in  which  tissues  and  cells  undergo  senile  changes  at  an  early 
period  of  somatic  life.  So,  too,  an  inherited  fault  in  power  of 
the  cells  to  take  up  nourishment  from  the  blood  may  underlie 
many  of  the  diseases  in  which  a  hereditary  tendency  is  recognis- 
able. 

But  besides  this  inherent  power,  cells  are  physiologically 
stimulated  to  the  intake  of  nutriment  by  exercise  of  their 
function.  In  this  they  are  largely  aided  by  changes  in  the 
blood-supply,  for  it  is  a  law  that  functional  activity  is  accom- 
panied by  an  increased  supply  of  blood.  But  increased  vascu- 
larity probably  does  not  afford  a  complete  explanation,  for  we 
have  seen  (p.  123)  that  when  functional  necessity  is  in  abey- 
ance, increased  vascularity  alone  does  not  lead  to  an  increased 
output  of  lymph. 

Disuse  is  one  of  the  most  important  causes  of  impaired 
nutrition  and  tissue-change.  Thus  the  ductus  arteriosus  at 
birth,  the  thymus  gland  after  the  first  year  of  life,  the  uterus 
after  parturition,  the  lower  jaw  after  the  teeth  have  been 
removed,  have  all  of  them  entirely  or  largely  lost  their  function, 
and  partly  as  a  result  of  this  fact  their  nutrition  fails  and  they 
undergo  tissue- changes.  The  muscles,  too,  that  normally  move 
a  joint,  undergo  changes  and  ultimately  show  great  wasting  if, 
from  disease,  that  joint  becomes  immovable. 

(iii.)  The  Influence  of  the  Nervous  System  upon 
Nutrition. — At  the  end  of  Chapter  VII.  (p.  288)  the  question 
was  discussed  whether  the  nervous  system  plays  a  part  in  deter- 
mining the  course  of  an  inflammation,  and  it  was  said  that  on 
the  whole  it  is  probable  that  the  nervous  system  exerts  a  direct 
influence  on  the  process.  That  it  exerts  an  indirect  influence 
on  inflammation  is  certain.  In  the  case  of  nutrition  generally 
we  are  in  a  somewhat  stronger  position.  There  is  no  doubt 
whatever  that  a  nerve-cell  exercises  a  nutritive  influence  upon 

healthy  parents,  when  one  or  both  parents  were  diseased,  increases  of  0,  2,  4,  5, 
9,  11  gms.  per  diem  were  often  observed.  The  infants  were  all  suckled  by  wet- 
nurses. 
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its  particular  axis-cylinder,  for  the  axon  degenerates  when  it  is 
separated  from  its  proper  ganglion  cell.  There  is  no  doubt,  too, 
in  infantile  paralysis  (acute  anterior  poliomyelitis),  a  disease 
characterised  by  atrophy  of  the  large  multipolar  cells  in  the 
anterior  horns  of  the  cord,  that  the  wasting  of  muscle  is  due 
not  only  to  disuse,  but  also  to  the  loss  of  a  physiological 
stimulus  normally  passing  from  these  ganglion  cells  to  the 
muscles  which  they  control.  That  such  a  stimulus  normally 
exists  is  shown  by  the  experiments  of  Mott  and  Sherrington. 
These  observers  found  that  if  the  posterior  roots  of  the  lumbo- 
sacral or  of  the  cervico-brachial  plexus  be  divided  on  the 
proximal  side  of  the  ganglion,  though  the  limb  is  not  moved 
by  the  animal  (even  after  the  lapse  of  months)  and  undergoes  a 
wasting  from  disuse,  yet  it  still  can  be  caused  to  contract  by 
stimulation  of  the  appropriate  cortical  area  or  of  its  efferent 
nerves  for  months  after  the  operation  ;  moreover,  it  apparently 
undergoes  no  degeneration.  If,  on  the  other  hand,  the  anterior 
roots  be  divided,  the  muscles  degenerate  rapidly,  and  no  such 
results  from  stimulation  of  the  efferent  nerves  can  be  obtained 
after  a  very  short  time.  The  perforating  ulcer  of  the  toe 
occurring  in  tabes  dorsalis,  the  acute  bed-sores  seen  in  some 
cases  of  apoplectic  hemiplegia,  the  cutaneous  eruptions  that 
sometimes  trace  out  with  wonderful  accuracy  the  course  of  a 
nerve  and  its  branches  (herpes  zoster),  and  some  other  condi- 
tions, are  strong  evidence  of  the  same  nervous  influence  upon 
nutrition.  Nevertheless  this  mass  of  evidence  must  not  be 
regarded  as  proving  the  existence  of  distinct  "  trophic  nerves  "  ; 
the  existence  of  special  nerve-fibres  controlling  the  nutrition  of 
tissues  is  very  problematical.  But  whatever  view  be  taken  of 
the  existence  of  trophic  nerves,  it  is  certain  that  disturbance  of 
normal  innervation  directly  modifies  the  nutrition  of  skin  and 
lowers  its  power  of  resistance  to  microbic  invasion. 

TL  Local  Death. — We  have  already  pointed  out  in  connec- 
tion with  inflammation  (Chapter  VIII.  p.  328)  that  persistence 
of  irritant  action  is  a  cause  of  gangrene  and  allied  conditions. 
But  though  inflammation  and  the  changes  accompanying  in- 
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flammation  constitute  one  of  the  most  important  causes  of  local 
death,  they  are  not  the  only  causes.  We  must  therefore  consider 
local  death  from  a  more  general  point  of  view. 

Local  death  is  a  concomitant  of  somatic  life,  for  death  of  cells 
goes  on  side  by  side  with  reproduction  and  growth  of  cells  in 
every  tissue.  But  in  this  case  the  general  structure  of  the 
tissue  does  not  change,  and  the  whole  process  is  physiological. 
With  this  kind  of  local  death  we  have  no  concern.  The  kind  of 
local  death  that  interests  us  from  a  pathological  point  of  view 
is  death  involving  masses  of  cells.  The  number  of  cells  in- 
volved is  at  times  so  small  as  only  to  be  discoverable  with 
difficulty  and  by  aid  of  the  microscope,  at  times  so  great  as 
to  involve  a  whole  member.  We  shall  consider  (i.)  gangrene, 
(ii.)  coagulation-necrosis,  (iii.)  colliquative-necrosis,  (iv.)  fat- 
necrosis. 

(i.)  Gangrene. — Two  varieties  of  gangrene  are  known :  (a)  dry 
gangrene  or  mummification,  (b)  moist  gangrene  or  sphacelus. 

The  differences  between  these  forms  of  gangrene  are  differences 
of  moisture  and  of  putrefaction.  Dry  gangrene  only  occurs  when 
rapid  evaporation  takes  place  from  the  dead  material.  It  is 
therefore  found  especially  when  the  part  is  exposed  to  the  air, 
when  the  epidermis  which  opposes  evaporation  is  removed,  when 
death  of  the  part  has  been  brought  about  by  cutting  off  its 
arterial  blood-supply.  A  typical  example  of  this  variety  of 
local  death  occurs  in  the  shrivelling  of  the  umbilical  cord  after 
birth.  In  this  case  the  umbilical  vessels  no  longer  convey 
blood,  the  cord,  instead  of  being  surrounded  by  a  liquid  medium 
(amniotic  fluid),  is  surrounded  by  air,  and  therefore  the  condi- 
tions are  such  as  to  favour  drying.  Dry  gangrene  also  occurs  in 
cases  of  arteritis  deformans  ("  senile  gangrene  ")  and,  generally, 
in  all  conditions,  pathological  or  surgical,  in  which  an  artery 
is  occluded  and  collateral  circulation  is  not  established. 

Moist  gangrene  occurs  under  the  opposite  conditions,  viz., 
when  evaporation  is  hindered  and  when  blood  reaches  the 
dying  part  or  cannot  escape  from  the  vessels  of  the  dead  part. 
Hence  moist  gangrene  occurs  in  tissues  which  have  mortified  as 
the  result  of  extreme  venous  obstruction  or  of  intense  inflam- 
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mation,  and  in  parts  which,  in  addition,  are  still  covered  with 
epidermis. 

Moist  gangrene  shows  a  marked  difference  from  dry  gangrene 
in  respect  of  putrefaction,  for  since  moisture  is  necessary  to  the 
growth  of  micro-organisms,  a  dead  part  which  contains  a  consider- 
able amount  of  water  as  well  as  a  large  amount  of  albuminous 
material  is  an  eminently  suitable  nutrient  medium  for  bacteria, 
and  putrefactive  varieties  grow  in  it  with  readiness.  These 
putrefactive  bacteria  and  the  enzymes  which  they  produce 
break  up  the  constituents  of  the  dead  tissue,  with  the  result 
that  nuclei  disappear,  the  outline  of  cells  is  lost  and  the  soft 
tissue  becomes  converted  into  a  pulpy  mass.  These  changes,  of 
course,  occur  sooner  the  more  cellular  the  tissue,  where  it  is 
resistant  (bone,  tendon,  fibrous  tissue),  anatomical  appearances 
remain  for  a  much  longer  time ;  indeed,  in  the  case  of  bone,  which 
contains  practically  neither  proteid  nor  water,  there  is  little 
difference  in  appearance  between  the  living  and  the  dead.  As 
a  final  result,  the  gangrenous  mass  comes  to  contain  leucin  and 
tyrosin,  crystals  of  ammonio-magnesium  phosphate,  crystals  of 
margaric  acid.  At  the  same  time,  the  iron  of  the  disintegrated 
blood-pigment,  which  has  escaped  into  the  tissues  generally 
from  the  blood-vessels,  is  converted  into  a  sulphide  by  the 
sulphuretted  hydrogen  liberated  from  the  decomposing  proteid, 
and  gives  to  the  part  a  greenish-black  colour.  The  liberated 
gases  of  putrefaction  cause  a  part  undergoing  moist  gangrene 
to  yield  a  characteristic  foul  odour,  which  is  not  present,  or  is 
present  in  a  much  smaller  degree,  in  mummification. 

Emphysematous  gangrene,  which  is  often  described  as  a 
separate  variety,  is  only  a  sub-variety  of  moist  gangrene.  It 
depends  upon  the  fact  that  the  gases  formed  during  putrefaction 
do  not  escape,  but  collect  in  the  tissues,  so  that  on  pressure 
they  yield  a  peculiar  crackling  sound  and  sensation  ("crepita- 
tion"). Probably  the  micro-organism  concerned  in  production 
of  emphysematous  gangrene  is  of  a  special  kind.  In  the  disease 
known  as  "  quarter-evil "  or  "  black-leg,"  which  affects  young 
cattle  and  sheep,  an  emphysematous  and  gangrenous  condition  is 
produced  by  the  local  action  of  the  anaerobic  bacillus  of  this 
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disease  (B.  of  quarter-evil,  B.  of  symptomatic  anthrax,  B.  of 
Rauschbrand). 

The  causes  of  gangrene  are  essentially  connected  with  the 
circulatory  system  whether  this  is  primarily  or  secondarily 
affected.  Primary  affections  of  the  circulatory  system  leading  to 
gangrene  concern  the  heart  or  blood-vessels  or  both.  Vascular 
conditions  more  commonly  cause  gangrene  than  cardiac  con- 
ditions, since  affections  of  the  heart  of  sufficient  severity  to 
induce  gangrene  are  generally  incompatible  with  life.  Never- 
theless local  death  is  at  times  due  to  heart-weakness,  as,  for 
example,  in  the  gangrene  of  nose,  scrotum,  and  penis  that  has 
been  observed  in  severe  Asiatic  cholera.  Amongst  causes  of 
gangrene  acting  indirectly  by  way  of  the  blood-vessels,  we  must 
reckon  irritants  of  all  kinds.  For  irritants  not  only  induce 
degenerative  changes  in  the  tissue-cells  upon  which  they  act,  and 
thereby  lower  their  powers  of  resistance,  but  also  they  lead  to 
inflammation,  with  the  stasis  and  output  of  exudation  that  this 
condition  implies.  In  some  cases  the  irritant  is  sufficiently 
severe  to  kill  the  tissues  apart  from  inflammation ;  this  is  seen  in 
the  gangrene  that  follows  exposure  to  severe  cold  (frost-bite), 
but  even  here  it  is  more  common  for  inflammation  to  aid  in  the 
process.  Where  any  general  condition  obtains  which  leads  to 
impaired  vitality  of  the  tissues  {e.g.,  glycsemia),  gangrene  super- 
venes as  the  result  of  relatively  slight  causes ;  this  is  well  seen  in 
"  diabetic"  gangrene,  noma,  etc. 

(ii.)  Coagulation-necrosis. — The  description  of  this  variety 
of  local  death  we  owe  to  Weigert.  He  showed  that  in  most 
cases  when  a  tissue,  rich  in  protoplasm,  dies,  if  death  has  occurred 
with  sufficient  rapidity  to  forestall  the  appearance  of  degenerative 
{e.g.,  fatty)  changes,  the  tissue  becomes  coagulated  and  the 
cellular  protoplasm  somewhat  resembles  strands  of  fibrin.  For 
the  occurrence  of  this  change  a  coagulable  fluid  in  the  tissue  is 
necessary,  and  this  is  amply  present  in  the  form  of  lymph. 
Moreover  coagulation-necrosis  generally  occurs  in  inflamed 
tissues,  or  at  least  inflammatory  processes  are  going  on  in  the 
neighbourhood  of  the  dead  mass,  and  under  these  conditions  the 
lymph  and  blood  are  abnormally  coagulable.    The   onset  of 
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coagulation  is  brought  about  by  the  action  of  some  substance, 
liberated  from  the  cells  at  their  death,  upon  the  coagulable  fluid. 
Halliburton  has  shown  that  a  nucleo-albuminous  substance  can 
be  prepared  from  many  tissues  which  rapidly  brings  about 
coagulation  of  blood  or  lymph. 

Coagulation-necrosis  is  the  most  common  form  of  local  death ; 
it  occurs,  for  example,  in  the  formation  of  infarcts,  of  diphther- 
itic "  false  membranes,"  as  an  antecedent  to  caseous  degeneration 
of  tumours  and  glands.  The  changes  that  occur  in  or  around  a 
part  that  has  undergone  coagulation-necrosis  depend  upon  its 
size,  but  even  more  upon  its  septic  or  aseptic  condition.  To 
changes'  of  this  nature  sufficient  reference  has  already  been 
made. 

(iii.)  Colliquative-necrosis. — In  this  variety  of  local  death 
the  necrosed  tissue  liquefies.  Probably  in  some  cases  liquefaction 
is  preceded  by  coagulation  as  in  the  case  of  croupous  pneumonia 
or  in  the  central  liquefaction  of  aseptic  thrombi,  and  the  liquefying 
agent  is  either  a  bacterial  or  a  non-bacterial  ferment.  But  in 
the  brain,  necrosis  is  colliquative  from  the  first.  The  reason  of 
this  peculiarity  is  sought,  by  Cohnheim,  in  the  absence  of  coag- 
ulable material  in  the  brain  substance  itself.  By  Mott,  it  is 
ascribed  to  the  fact  that  "  the  cerebro-spinal  fluid  which  probably 
represents  the  lymph  of  the  central  nervous  system  is  a  non- 
coagulable  fluid." 

(iv.)  Fat-necrosis. — Fat-necrosis  is  a  condition  in  which 
localised  death  occurs  of  the  fatty  connective  tissue  in  the 
abdominal  cavity.  Foci  of  necrosis  are  found  in  the  sub-peri- 
toneal fat,  most  commonly  in  the  neighbourhood  of  the  pancreas. 
The  condition  was  first  adequately  described  by  Balser,  who  con- 
sidered that  it  is  due  to  a  proliferation  of  fatty  tissue  which,  as 
in  the  case  of  cell  proliferation  in  tubercular  nodules,  undergoes 
necrosis  from  deficient  nutrition.  Chiari  pointed  out  the  presence 
in  the  degenerated  fat-cells  of  hard,  glistening  bodies,  having 
the  appearance  of  lime.  Balser  thought  that  these  substances  are 
impure  fat,  but  Langerhans  denies  this,  because  they  fail  to  yield 
the  characteristic  osmic  acid  reaction  of  fat ;  he  holds  that  they 
are  lime  salts  of  fatty  acids.    Against  this  view  is  the  fact  that 
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lime  salts  of  fatty  acids  are  very  rarely  found  except  in  the 
intestine,  but,  according  to  Virchow,  they  may  occur  in  the 
metamorphosis  of  fatty  tumours.  Langerhans  considers  that 
fat-necrosis  begins  with  destruction  of  neutral  fat,  that  the  fluid 
constituents  are  eliminated,  but  the  fatty  acids  remain  and 
combine  with  lime.  Whole  lobules  may  thus  form  a  dead  mass 
which  is  dissected  out  by  a  surrounding  inflammation,  but 
commonly  the  foci  of  necrosis  are  smaller. 

The  cause  of  fat-necrosis  is  very  obscure.  In  a  large  number  of 
cases  the  condition  has  been  found  along  with  severe  changes  in 
the  pancreas,  e.g.,  gangrenous  pancreatitis  (von  Bonsdorf,  Sievers, 
Middleton),  abscess  (Eolleston),  haemorrhage  (Eolleston),  but  this 
is  not  always  the  case.  Hildebrand  and  Dettmar  examined  the 
question  experimentally.  They  found  that  interference  with  the 
pancreas,  whether  it  consisted  in  obstruction  of  the  duct,  in 
obstruction  of  the  duct  and  blood-vessels,  or  in  outlet  of  pan- 
creatic secretion  into  the  peritoneal  cavity,  led  to  typical  fat- 
necrosis  in  the  pancreas,  appendices  epiploicae,  and  mesentery. 
They  consider  that  the  condition  is  due  to  the  action  of  the 
lipolytic  ferment  of  the  pancreas  (steapsin)  which  directly  or  by 
diffusion  reaches  the  parts  affected.  Flexner,  also  investigating 
the  question  experimentally,  finds  that  in  early  stages  steapsin, 
which  is  absent  from  the  normal  fat,  is  present  in  foci  of  fat- 
necrosis.  Eolleston  thinks  that  the  change  is  trophic  and 
depends  upon  a  disturbance  of  sympathetic  innervation.  Mott  is 
of  opinion  that  the  process  is  due  to  infective  micro-organisms. 

III.  The  Degenerations  and  Infiltrations.— The  theoretical 
difference  between  a  degeneration  and  an  infiltration  is  easily 
stated,  for  the  former  is  a  tissue  metamorphosis,  the  latter  is  a 
deposition  of  some  substance  in  an  otherwise  unaltered  cell. 
But  practically  it  is  often  impossible  to  distinguish  between  the 
two  processes,  partly  because  they  may  proceed  side  by  side, 
partly  because  in  many  cases  the  histological  appearances  are 
compatible  with  either  explanation.  This  is  well  seen  in  the 
change  which  is  accompanied  by  the  presence  of  fat-globules  in 
liver-cells.    We  know  that  fat  can  be  formed  from  proteid ;  we 
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know,  too,  that  when  much  fat  or  carbohydrate  is  given  in  the 
food,  fat  is  deposited  in  the  liver-cells.  Hence,  though,  in  a  given 
case,  we  can  easily  see  microscopically  that  the  liver-cells  contain 
fat-globules,  it  may  be  quite  impossible  to  tell  whether  they  have 
been  formed  in  situ  from  degeneration  of  hepatic  protoplasm,  or 
are  of  extraneous  origin  and  have  simply  been  deposited  there. 
For  this  reason  we  shall  speak  generally  of  "  changes,"  reserving 
the  terms  "  degeneration  "  and  "  infiltration  "  for  cases  in  which 
they  may  be  used  with  something  approaching  to  accuracy.  We 
shall  discuss  (i.)  fatty  changes,  (ii.)  the  lardaceous  change,  (iii.) 
colloid,  mucoid,  and  hyaline  changes,  (iv.)  cloudy  swelling,  (v.) 
calcification,  (vi.)  pigmentary  changes. 

(i.)  Fatty  Changes. — In  certain  situations  fatty  changes  are 
physiological.  Thus  in  the  normal  storage  of  fat  in  adipose  tissue 
we  probably  have  an  infiltration  process.  The  breaking  down 
of  protoplasm  into  the  colostrum  of  milk,  the  formation  of  fat 
in  the  uterine  muscle  after  parturition,  are  true  cases  of  fatty 
degeneration.  In  both  of  these  examples  the  cause  is  the  same, 
viz.,  a  deficient  blood-supply.  The  central  mammary  cells 
degenerate  because  the  rapidly  growing  basal  cells  of  the  acini 
appropriate  the  nutriment ;  the  uterine  muscular  fibres  de- 
generate because  changes  in  the  intima  and  media  of  the  uterine 
arteries  have  obstructed  or  obliterated  their  lumen.  These 
examples  serve  for  all  kinds  of  fatty  degeneration.  The  con- 
stituent of  blood,  which  is  of  fundamental  importance  in  connec- 
tion with  fatty  degeneration,  is  oxygen.  Wherever,  in  pathology, 
we  meet  with  fatty  degeneration,  we  find  evidence  that  oxygena- 
tion has  been  deficient.1 

1  The  formation  of  fat  from  proteid  ■  has  been  regarded  as  a  process  of  hydra- 
tion and  as  a  process  of  oxidation.  Gautier,  who  holds  the  former  view,  suggests 
that  the  change  is  expressed  by  the  formula  : 

C72H112N18022S  +  14H20  =  9N2H4CO  +  C51H98Ofl  +  C3H6C>3  +  9C02  +  S; 
(Albumin.)  (Urea.)        (Tripalmitin.)  (Lactic  acid 

or  Carbohydrate.) 

Chauveau,  who  holds  the  oxidation  view,  suggests  the  following  series  of  changes  : 

4C72H112N18022S  +  !3902  =  2C57Hi10O6  +  36N2H4CO  +  138C02  +  42H20  +  4S , 
(Stearin.) 

the  stearin  is  again  oxidised, 

2C57H110O6  +  6702  =  16CfiH1206  +  18C02  +  14H20, 
(Glucose.) 
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Pathological  fatty  degeneration  is  met  with  either  as  the 
result  of  local  or  of  general  causes.  As  examples  of  local  fatty 
degeneration  may  be  instanced  the  caseation  that  occurs  in 
nodules  of  tubercle,  in  gummata,  in  patches  of  atheroma,  or  in 
the  centre  of  new-growths.  The  cause  is  in  all  cases  the  same, 
a  proliferation  of  cells  without  a  corresponding  increase  of  blood- 
vessels to  supply  them  with  nutriment,  or  with  obliteration  of 
those  blood-vessels  that  are  already  formed.  Nevertheless,  there 
is  reason  to  believe  that  the  cell  itself  plays  a  part  in  the  process, 
for  the  fatty  changes  that  occur  in  cartilage  and  nerve- cells  in 
old  age,  and  in  leucocytes  when  they  become  "  pus-cells,"  seem  to 
imply  that  with  lowered  vitality  the  cell  is  no  longer  able  to 
resist  the  breaking  down  of  its  protoplasm  into  fat.  Localised 
fatty  changes  also  occur  in  muscles  that  are  cut  off  from  their 
nervous  supply.  In  these  cases  the  fat  is  present  not  only  in 
the  inter-muscular  connective  tissue  but  also  in  the  muscular 
fibres  themselves.  The  change  in  the  muscular  fibres  is 
certainly  degenerative,  but  whether  the  fat  in  the  inter- 
muscular connective  tissue  has  been  formed  by  degeneration 
of  connective  tissue  cells  or  has  been  deposited  there  from 
muscle,  it  is  impossible  to  say ;  the  latter,  however,  seems  more 
probable. 

The  chief  general  conditions  leading  to  fatty  changes  are 
(a)  ana3mia,  (b)  poisons  of  certain  kinds,  (c)  high  temperature. 
Though  these  causes  are  general,  the  fatty  change  is  often 
localised  in  few  regions,  the  liver,  kidneys,  and  heart  being  the 
most  important.  In  these  cases  the  fatty  change  is  commonly 
a  degeneration. 

and  the  glucose  is  oxidised  to  C02  +  H20.  In  the  absence  of  sufficient  oxygen  to 
carry  out  the  whole  change,  decomposition  of  proteid  would  therefore  form 
reserve  fat.  With  regard  to  the  formation  of  fat  from  carbohydrate,  Gautier 
suggests 

14C6H1206  =  C57H110O6  +  24C02  +  27H20  +  C3H403 . 
(Glucose.)  (Stearin.) 

Hanriot  suggests 

13C6H1206  -  C55H104O6  +  23C02  +  26H20 . 

(Oleostearo- 
palmitin.) 

On  the  subject  of  the  origin  of  fat  in  animals,  a  paper  by  Kauffmann  (Arch,  de 
Physiol.,  vol.  viii.,  1896,  p.  757)  may  be  consulted. 
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(a)  Anaemia. — The  anaemias  show  marked  differences  with 
regard  to  the  occurrence  of  fatty  changes.  Pernicious  anaemia 
is  perhaps  the  most  important  cause  of  fatty  degeneration  of 
heart  muscle,  but  in  chlorosis,  though  the  anaemia,  as  measured 
by  the  amount  of  haemoglobin  and  the  number  of  red  blood- 
corpuscles  present  in  the  blood,  may  be  as  severe  as  it  is  in 
pernicious  anaemia,  the  heart  muscle  is  generally  unaltered. 
In  chlorosis  the  tendency  to  fatty  change  is  expressed  by  a 
marked  deposition  of  fat  in  the  subcutaneous  tissues. 

In  pernicious  anaemia  and  other  grave  forms  of  anaemia, 
though  the  heart  muscle  may  be  so  greatly  affected  that  the 
change  becomes  macroscopic  ("  tabby -cat "  striation),  other 
muscle  in  the  body  is  unaffected.  The  reason  for  this,  as  Mott 
suggests,  probably  lies  in  the  fact  that  the  functional  activity 
of  heart  muscle  cannot,  like  that  of  voluntary  muscle,  be 
lowered  in  accordance  with  the  diminished  supply  of  nutriment, 
but  is  rather  increased  owing  to  a  number  of  subordinate 
conditions.  Hence  the  heart  muscle  is  called  upon  to  do  more 
work  than  normal  upon  a  diminished  supply  of  nutriment,  with 
the  result  that  its  vital  resistance  is  lowered  and  it  undergoes 
change.  Mott  supports  this  view  by  his  observation  that  in 
pernicious  anaemia  the  diaphragm  also  shows  fatty  degeneration. 
Since  this  muscle,  like  the  heart,  is  called  upon  to  an  abnormal 
extent  in  this  disease  owing  to  the  readiness  with  which 
dyspnoea  is  called  forth  by  slight  exertion,  the  confirmation 
that  it  yields  is  strong. 

(b)  Poisons. — Of  the  poisons  leading  to  fatty  degeneration, 
bacterial  toxins  are  clinically  among  the  most  important, 
because  they  are  among  the  most  common.  Thus  Sidney 
Martin,  and  Mott  have  shown  that  diphtheria  toxin  produces 
fatty  degeneration  of  muscle,  and  Scagliosi  has  shown  that,  in 
the  heart,  the  poisonous  action  commences  with  alteration  of 
the  vessel  wall,  which  is  followed  by  nervous  and  muscular 
changes.  Further,  Baldassari  found  in  rabbits  that  the  toxin 
attacks  the  nuclei  of  liver-  and  kidney-cells,  and  this  observa- 
tion is  confirmed  by  Barbucci.  Hence  in  the  case  of  diphtheria 
there  is  ample  evidence  that  vascular,  cellular,  and  nervous 
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processes  are  at  work,  all  of  which  tend  to  produce  degenerative 
changes.  It  is  probable,  too,  that  the  fatty  changes  occurring 
in  pus-cells  and  in  tubercular  nodules  are,  in  part,  due  to  the 
action  of  toxins,  and  the  same  explanation  may  ultimately  be 
found  to  hold  for  the  intense  fatty  degeneration  of  the  liver 
that  occurs  in  "  acute  yellow  atrophy  "  of  that  organ. 

Fatty  degeneration  also  occurs  as  the  result  of  poisoning  by 
phosphorus,  by  arsenic,  by  carbonic  oxide  and  some  other  sub- 
stances. In  these  cases  the  fatty  change  is  seen  in  liver,  heart, 
kidneys,  and  voluntary  muscles,  and  is  usually  very  intense. 

In  this  category  alcohol  must  also  be  mentioned.  Alcoholism 
may  lead  either  to  fatty  changes  in  the  liver  or  to  great 
deposition  of  fat  in  the  subcutaneous  tissues.  In  the  former 
case  it  is  probable  (as  we  shall  see  when  considering  cirrhosis 
of  the  liver)  that  the  alcohol  acts  as  a  protoplasmic  poison. 
In  the  latter  case  it  is  doubtful  whether  the  fatty  change 
depends  upon  alcohol  at  all,  for  obesity  is  commonest  in  beer- 
drinkers,  who  take,  in  their  liquor,  comparatively  little  alcohol 
but  much  sugar.  Spirit-drinkers,  who  take  comparatively 
much  alcohol  and  little  sugar,  suffer  from  cirrhosis  of  the  liver 
with  its  accompanying  fatty  changes,  but  they  are  generally 
emaciated.  The  subcutaneous  fat  of  the  beer-drinker  must 
probably  be  looked  upon  as  reserve  material  (though  un- 
doubtedly of  an  inferior  kind),  the  hepatic  fat  of  the  spirit- 
drinker  as  degenerated  protoplasm. 

(c)  High  Temperature. — It  has  long  been  known  that  ex- 
posure for  some  time  to  external  warmth  is  followed  by  fatty 
changes.  When  conjoined  with  a  plentiful  supply  of  food  and 
with  restricted  movement,  it  was  employed  as  a  means  of 
fattening  animals  for  the  table  long  before  the  question  of  its 
scientific  meaning  was  broached.  We  know  that  in  patients 
dying  of  febrile  disease,  fatty  changes  are  common  in  the  liver 
and  kidneys.  In  hyperthermia,  too,  it  is  generally  agreed  that 
the  same  is  the  case  (Liebermeister,  Litten,  Werhowsky,  Ziegler, 
etc.),  but  Naunyn,  relying  on  his  own  experiments,  opposes  this 
view.  Werhowsky  and  Ziegler  placed  rabbits  in  a  thermostat 
at  a  temperature  of  36°-40°  C.  for  periods  varying  from  two  to 
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twenty-nine  days,  and  found  that,  besides  other  changes,  there 
occurred  fatty  degeneration  of  liver  and  later  of  kidneys  and 
heart.  Ziegler,  however,  hesitates  to  apply  the  results  obtained 
on  hyperthermic  rabbits  directly  to  pyrexial  man,  and  in  par- 
ticular he  does  not  feel  justified  in  ascribing  fatty  changes  in 
fever  merely  to  rise  of  temperature,  for  other  agencies  are 
probably  also  at  work.  On  the  whole,  however,  evidence  seems 
to  indicate  that  rise  of  temperature  alone  is  able  to  produce 
fatty  change,  but  under  these  circumstances  the  change  bears 
more  resemblance  to  a  physiological  storage  of  fat  than  to  a 
pathological  degeneration  of  protoplasm. 

Before  leaving  the  fatty  changes  we  must  briefly  consider  the 
ways  in  which  some  of  the  above-mentioned  causes  act.  In  the 
more  strictly  pathological  conditions,  i.e.,  in  fatty  degeneration, 
we  certainly  have  to  deal  with  a  change  involving  proteid 
metabolism,  but  in  those  conditions  which  approximate  more 
to  a  physiological  storage  of  fat,  i.e.,  fatty  infiltration,  obesity, 
etc.,  we  are  ignorant  whether  we  have  to  deal  with  a  direct 
conversion  of  carbohydrate  into  fat,  or  a  storage  of  fat  derived 
from  the  food,  or  whether  the  fat  is  really  of  proteid  origin,  the 
expenditure  of  which  has  been  covered  by  combustion  of  carbo- 
hydrate or  of  previously  stored  fat.  Leaving  the  question  of 
fatty  infiltration  on  one  side- — as  no  answer  to  it  can  at  present 
be  given — we  will  confine  our  attention  to  fatty  degeneration. 

We  have  evidence,  at  least  in  the  case  of  poisoning  by  phos- 
phorus and  by  carbonic  oxide,  that  there  is  increased  destruc- 
tion of  proteid.  For  Voit  and  Bauer  showed  that,  when  a 
starving  dog  is  poisoned  with  either  of  these  substances,  the 
production  of  fat  is  accompanied  by  an  increased  output  of  urea. 
Oxidative  processes  are  diminished,  for  they  found  that  the 
intake  of  oxygen  and  the  output  of  carbonic  acid  are  below 
normal.  Since  the  animal  in  these  cases  is  starving,  it  is  clear 
that  the  fat  present  has  not  been  derived  from  food,  nor  is  it 
pre-existing  fat  or  fat  formed  from  previously  stored  glycogen, 
for  in  starvation  all  reserve  fat  and  glycogen  are  rapidly  used 
up.  Moreover  the  increased  output  of  urea  is  positive  evidence 
as  to  the  origin  of  the  fat  from  proteid. 
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We  will  deal  with  the  two  poisons  separately.  Since  car- 
bonic oxide  forms  a  more  stable  combination  with  haemoglobin 
than  does  oxygen,  poisoning  with  carbonic  oxide  produces  a 
condition  essentially  the  same  as  anaemia  so  far  as  oxygenation 
of  the  tissues  is  concerned.  But  deficient  oxygenation,  if  pro- 
longed, leads  to  lowered  vitality  of  cell-protoplasm,  and  there- 
fore it  is  probable  that  in  carbonic  oxide  poisoning  (and  in  the 
anaemias)  fatty  degeneration  is  immediately  dependent  upon 
impaired  cell  nutrition.  We  know  that  in  general  starvation 
the  body  breaks  up  its  own  protoplasm  to  supply  its  imperative 
needs,  and  it  is  not  unreasonable  to  suppose  that  with  deficient 
nutrition  the  cell-protoplasm  does  the  same.  It  would  then 
break  up  into  two  portions,  a  nitrogenous  and  a  non- nitrogenous. 
The  nitrogenous  portion  will  ultimately  become  urea,  and  the 
non-nitrogenous  portion,  since  there  is  an  insufficient  supply  cf 
oxygen  for  its  complete  combustion  to  carbonic  acid  and  water, 
will  remain  in  the  cell  as  fat. 

Phosphorus  poisoning  also  leads  to  deficient  intake  of  oxygen 
and  output  of  carbonic  acid ;  oxidative  processes  are  therefore 
reduced  in  this  case  also.  But  we  are  uncertain  as  to  the  exact 
way  in  which  the  fatty  degeneration  is  brought  about.  For 
phosphorus  does  not  produce  an  anaemia,  but  on  the  contrary 
a  polycythemia.  It  is  probable,  therefore,  that  phosphorus 
does  not  act  directly  through  the  blood.  Gaule  maintains  that 
the  primary  change  in  phosphorus  poisoning  is  in  the  cell 
nucleus,  and  he  is  supported  by  other  authors.  He  believes 
that  some  of  the  fat  may  arise  from  formation  of  the  phos- 
phorus-containing fat,  lecithin.1  Mott  thinks  it  possible  that 
phosphorus  interferes  with  the  power  possessed  by  cells  of 
taking  up  oxygen  and  storing  it  in  their  protoplasm  ("  tissue- 
respiration  ").  Evidence  has  already  been  given  that  one  at 
least  of  the  bacterial  toxins  acts  directly  upon  the  cell  nucleus, 
and  it  is  not  improbable  that  a  considerable  number  of  poisons, 

1  Cohnheim  denied  that  lecithin  can  be  broken  up  so  as  to  yield  a  neutral  fat, 
but  Mott,  from  recent  investigations  (Joe.  cit.,  p.  189),  concludes  that  such  a 
change  can  take  place  and  is  important  in  fatty  changes  occurring  in  nerve 
matter. 
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bacterial  and  non-  bacterial,  will  ultimately  be  found  to  directly 
affect  this,  the  centre  of  cell  life  and  change. 

With  regard  to  heat  in  the  production  of  fatty  degeneration, 
we  know  that  heat  leads  to  increased  proteid  metabolism,  and 
we  also  know  that  external  warmth  diminishes  the  necessity 
of  metabolism  for  the  maintenance  of  body  temperature. 
When,  therefore,  an  animal  is  exposed  to  external  heat,  we 
have  a  condition  in  which  much  proteid  is  broken  down,  but 
little  is  oxidised.  These  are  conditions  under  which  we  should 
expect  fat  to  be  produced.  Further,  we  should  expect  it  to  be 
more  marked  if  the  supply  of  oxygen  to  the  heated  animal  is 
deficient.  Naunyn,  indeed,  maintains  that  this  is  the  essential 
factor,  for  he  finds  that  rabbits  may  be  kept  in  a  chamber  at 
36°-40°  C.  for  nearly  a  fortnight  without  showing  fatty  changes, 
provided  the  chamber  is  properly  ventilated  and  the  animal  is 
given  plenty  of  green  food  (i.e.,  a  sufficient  supply  of  water). 
In  fever,  as  distinguished  from  hyperthermia,  toxic  action  on 
tissue  cells,  on  nerve,  and  on  blood,  probably  play  a  part  in 
the  production  of  fatty  degeneration,  perhaps  even  a  more 
important  part  than  the  rise  of  temperature  itself. 

(ii.)  The  Lardaceous  Change.1 — The  lardaceous  change 
affects  the  body  generally  and  leads  to  so  many  symptoms  that 
it  is  often  spoken  of  as  "  lardaceous  disease."  But  the  change 
itself  is  not  a  primary  one,  for  it  occurs  clinically  as  the 
result  of  two  important  conditions,  prolonged  suppuration  and 
syphilis ;  of  these  prolonged  suppuration  is  the  chief.  The 
lardaceous  change  is  characterised  by  the  presence  of  a  sub- 
stance known  as  "  lardacein"  in  the  walls  of  small  blood-vessels, 

1  The  lardaceous  change  was  first  described  by  Virchow  in  1851,  under  the 
name  of  ''amyloid  degeneration"  from  the  fact  that  the  lardaceous  material, 
when  subjected  to  the  action  of  iodine  followed  by  sulphuric  acid,  yields  a  colour 
change  which  recalled  to  him  the  blue  colour  produced  by  the  action  of  iodine  on 
starch.  But  the  lardaceous  material  is  not  starch  nor  even  allied  to  starch, 
while  the  colour  reaction  with  iodine  and  sulphuric  acid  is  a  bluish-black,  and  is 
produced  by  the  interaction  of  iodine  and  sulphuric  acid  quite  apart  from  lar- 
dacein. The  name  "amyloid"  is  therefore  misleading,  and  though  it  is  still 
commonly  employed,  and  especially  in  Germany,  it  has  never  gained  much  foot- 
hold in  this  country.  The  change  has  also  been  called  "  waxy,"  "albuminous," 
"  albuminoid,"  but  the  name  "lardaceous"  has  received  official  recognition  in 
England  by  the  Royal  College  of  Physicians. 
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especially  the  arterioles  and  capillaries,  and  perhaps  also  in 
some  other  situations. 

(a)  Lardacein. — Lardacein  is  a  colourless,  semi -translucent, 
homogeneous  substance,  containing  nitrogen.  So  far  as  its 
percentage  composition  is  concerned,  it  is  closely  allied  with 
proteid  generally.  It  differs,  however,  from  proteid  in  that  it 
contains  somewhat  less  nitrogen,  a  great  deal  less  potassium, 
but  a  slightly  greater  percentage  of  alkaline  earths.  In  its 
properties  it  differs  markedly  from  proteid  generally :  it  is  in- 
soluble in  water,  in  saline  solution,  in  dilute  acids  and  alkalies, 
though  on  treatment  with  strong  acids  or  alkalies  it  is  con- 
verted into  acid-  or  alkali-albumin.  It  does  not  undergo  peptic 
digestion,  or  at  least  not  readily,  for  Kostjuria  and  E.  Ludwig 
have  shown  that  it  goes  into  solution  if  presented  to  the  enzyme 
in  a  very  fine  state  of  division. 

Lardacein  in  tissues  has  two  highly  important  and  character- 
istic staining  reactions  which  differentiate  it  from  proteid 
generally.  With  iodine  in  solution,  it  stains  mahogany -brown, 
whereas  unaffected  tissues  stain  canary-yellow ;  with  methyl 
violet  it  stains  rose- pink,  the  tissues  generally  staining  a  bluish- 
violet.  The  reaction  with  methyl  violet  is  a  relatively  constant 
one,  but  the  iodine  reaction  is  lost  at  once  if  the  tissue  affected 
with  the  lardaceous  change  is  treated  with  alcohol  or  with 
solutions  of  the  caustic  alkalies,  even  though  dilute.  The 
macroscopic  and  microscopic  appearances  of  the  material  remain 
unaltered,  but  no  method  is  known  whereby  the  lost  iodine 
reaction  can  be  restored.  Though  the  general  appearance  of 
lardacein  is  very  constant,  hardly  any  two  specimens  of 
lardaceous  tissue  yield  exactly  the  same  staining  reactions. 
Since  we  must  regard  staining  reactions  in  most  cases  as  repre- 
senting chemical  combinations,  we  must  probably  conclude  that 
lardacein  is  not  a  single  substance  of  uniform  chemical  com- 
position. As  to  its  relationship  with  the  hyaline  material 
found  in  the  hyaline  change  (which  macroscopically  it  greatly 
resembles)  we  are  ignorant,  but  so  far  as  staining  reactions  are 
concerned  one  can,  by  selecting  specimens,  demonstrate  a  series 
of  intermediate  conditions  between  typical  hyaline  material  on 
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the  one  hand,  and  typical  lardaceous  material  on  the  other. 
But  whether  one  can  argue  from  this  fact,  and  others  of  a  like 
nature,  that  hyaline  material  is  at  one  end  of  a  series  of 
changes  at  the  other  end  of  which  stands  lardacein,  it  is  at 
present  impossible  to  say. 

(b)  Seats  of  Lardaceous  Change. — It  has  already  been  said  that 
the  lardaceous  change  is  a  general  one,  but  certain  organs  and 
tissues  are  more  commonly  affected  than  others.  The  following 
table  drawn  up  by  Dickinson* illustrates  this  point: — 

Frequency  with  which  Various  Organs  and  Structures  were  found 
to  be  Lardaceous  in  118  Cases  of  Lardaceous  Disease  ex- 


amined post 


mortem  {Dickinson). 


Lymphatic  glands, 

76 

Liver, 

.'      .  65 

Thyroid,  

Intestines, 

35 

Oesophagus,  . 

9 

Supra-renals,  . 

.       .  9 

Endocardium,  . 

5 
1 
1 
1 
1 
1 

In  these  organs  and  tissues  the  change  is  seen  first  and  to  the 
greatest  extent  in  the  blood-vessels.  In  the  kidney  it  affects 
principally  the  glomerular  tufts ;  in  the  liver  the  intermediate 
zone  of  the  lobule,  i.e.,  that  supplied  by  the  hepatic  artery  ;  in  the 
spleen,  either  the  Malpighian  corpuscles  ("  sago-spleen "),  or  in 
some  cases  the  vessels  in  the  fibrous  trabecular  of  the  organ.  It 
is  much  less  commonly  seen  in  veins  than  in  arterioles  and  capil- 
laries. In  the  arterioles  it  is  the  middle  coat  that  suffers, 
though  whether  the  change  commences  in  connection  with  the 
unstriped  muscle  or  in  connection  with  the  fibrous  tissue  of  that 
coat,  it  is  impossible  to  say. 

From  the  fact  that  kidneys,  intestines,  stomach  are  affected, 
lardaceous  disease  presents  us  with  symptoms  of  albuminuria 
and  dropsy,  diarrhoea,  and  vomiting.  We  shall  not  delay  over 
these  conditions,  for  they  are  due  to  excessive  transudation  (though 
perhaps  also  in  some  degree  to  diminished  absorption),  and  upon 
this  subject  sufficient  has  already  been  said.  Though  the  hepatic 
and  splenic  changes  are  among  the  most  common,  and  are  cer- 
tainly among  the  most  intense,  we  cannot  point  to  any  symptom 
that  they  produce,  unless  it  be  ascites  in  a  few  instances.    In  the 
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kidney  and  liver  the  lardaceous  change  is  often  associated  with 
fatty  changes.  In  the  kidney  an  acute  or  subacute  nephritis  is 
frequently  superadded. 

(c)  Experimental  Investigations. — Positive  or  strong  presump- 
tive evidence  of  suppuration  was  present  in  83  per  cent,  of  the 
cases  in  which  lardaceous  changes  were  found  on  post-mortem 
examination  at  St  George's  Hospital  between  the  years  1867  and 
1894  (Dickinson).  The  causal  relationship  between  prolonged 
suppuration  and  lardaceous  change  in  man  is  allowed,  and  animal 
experiments  have  been  made  on  the  point,  though  it  must  be 
confessed  that  the  majority  of  them  are  far  from  conclusive. 

Birch-Hirschfeld  maintained  that  he  produced  the  lardaceous 
change  in  a  rabbit  by  injecting  the  pus  from  a  boy  suffering  from 
caries  of  the  tibia  ;  Charrin  maintained  the  same  after  causing 
suppuration  in  rabbits  with  B.  pyocyaneus.  But  the  most  im- 
portant work  on  the  subject  is  that  of  Krawkow.  Krawkow 
injected  into  rabbits  (amongst  other  animals)  virulent  cultures 
of  Staph,  pyog.  aureus,  and  states  that  in  most  cases,  after  a 
suppuration  extending  over  one  to  two  months,  the  spleen, 
salivary  glands,  intestines,  liver,  and  kidneys,1  were  lardaceous ; 
in  frogs,  under  similar  treatment,  he  obtained  traces  of  the 
change  in  the  spleen.  Filtered  cultures  of  the  micro-organisms 
were  ineffective,  as  was  suppuration  caused  by  chemical  irritants, 
such  as  turpentine.  He  therefore  associates  the  change  with 
actual  presence  of  living  micro-organisms  themselves. 

Krawkow's  work,  however,  presents  difficulties.  Thus  he  found 
that  the  "  lardaceous  "  organs  were  soft  and  friable  ;  in  man,  at 
all  events,  they  are  exactly  the  reverse,  so  much  so  that  lardaceous 
liver  was  at  one  time  recommended  as  an  embedding  material 
for  histological  purposes.  Moreover,  his  "  lardaceous  "  substance 
is  soluble  in  water  and  in  alcohol.  Lastly,  Taylor,  working  in 
the  Cambridge  Pathological  Laboratory,  has  never  been  able  to 
find,  either  macroscopically  or  microscopically,  the  least  trace  of 
any  substance  that,  by  its  appearance  or  its  staining  reactions, 
could  be  regarded  as  lardaceous.    And  that,  too,  even  in  rabbits 

1  The  tissues  are  given  in  the  order  of  frequency  with  which  the  change  was 
observed. 
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that  had  suppurated  continuously  and  fairly  profusely  for  nine 
months. 

Kecently,  however,  Davidsohn  has  published  experiments  con- 
firming Krawkow.  Using  rabbits,  mice,  fowls,  guinea-pigs,  and 
cats,  and  injecting  into  them  subcutaneously,  every  two  or  three 
days,  cultures  of  staphylococci,  he  found  that  the  lardaceous 
change  manifested  itself  in  about  half  the  cases.  He  obtained 
the  best  results  with  rabbits  and  mice  ;  in  the  case  of  guinea- 
pigs  and  cats  he  obtained  no  lardaceous  change  whatever. 

With  regard  to  the  length  of  time  that  must  elapse  between 
the  onset  of  suppuration  and  death  with  lardaceous  disease  in 
man,  Cohnheim  found  that  the  shortest  time  is  two  to  three 
months.  Dickinson  (toe.  cii.,  p.  271)  speaks  of  a  case  in  which  a 
previously  healthy  man  died  three  weeks  after  undergoing  ampu- 
tation for  a  compound  fracture.  During  the  period  he  suffered 
from  profuse  suppuration  and  pysemia,  and  after  death  early  lar- 
daceous change  was  found  in  the  kidneys.  With  reference  to  the 
connection  between  syphilis  and  lardaceous  disease,  little  can  be 
said,  but  there  is  no  doubt  that,  rarely,  syphilis  may  be  followed  by 
lardaceous  disease  quite  apart  from  considerable  suppuration. 
From  Dickinson's  tables  this  would  appear  to  obtain  in  about  12 
per  cent,  of  lardaceous  cases.  But  syphilis,  accompanied  and  not 
accompanied  by  considerable  suppuration,  accounted  for  about 
20  per  cent,  of  his  cases.  Tuberculosis,  whether  of  lung  or  of 
bone  or  of  other  regions,  accounted  for  nearly  50  per  cent. 

(d)  Nature  of  the  Lardaceous  Change. — It  is  uncertain  whether 
the  lardaceous  change  is  a  degeneration  or  an  infiltration,  or  a 
combination  of  the  two.  There  are  four  chief  views  as  to  its 
aetiology,  (1)  that  it  is  a  direct  degeneration,  (2)  that  it  is  a  retro- 
gressive metamorphosis  of  tissue,  (3)  that  it  is  an  infiltration 
with  lardacein  or  a  precursor  of  lardacein,  (4)  that  it  is  a  degenera- 
tion of  tissue  and  an  infiltration  from  the  blood.  Virchow  con- 
siders that  the  blood  has  undergone  a  chemical  change  in  its 
soluble  constituents,  as  a  result  of  which  the  tissues  undergo 
retrogressive  metamorphosis,  and  are  filled  up  with  an  iodine 
reacting  substance  which  is  laid  down  in  them  in  the  same  way 
as  lime  salts  are  laid  down  in  calcification.    Cohnheim  regarded 
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it  as  a  local  degeneration  of  the  pre-existing  albumin  of  the  tissue, 
Kindfleisch  as  a  substance  deposited  from  the  blood.  Ziegler 
considers  it  as  a  deposit  between  cells,  but  allows  that  epithelial 
cells  may,  rarely,  become  lardaceous.  Wichmann  holds  that  "  it 
occurs  in  organs  whose  tissues  are  already  injured  in  their  physio- 
logical relations  by  disease,  and  have  become  unable,  by  reason 
of  the  anaemia,  etc.,  to  assimilate  normally  the  albumin  brought 
by  the  blood ;  this  albumin  infiltrated  into  the  tissue  spaces, 
remains  there,  and  sooner  or  later  undergoes  chemical  change, 
partly  by  combination  with  other  proteid  bodies  or  their  deri- 
vatives." Czerny  believes  that  the  lardaceous  material,  or  a 
precursor,  is  conveyed  to  the  tissues  by  leucocytes,  which  are 
themselves  pathological.  Krawkow  regards  the  change  as  a 
degeneration  produced  by  the  action  of  microbial  products  on 
those  organs  which  are  most  important  in  the  struggle  of  the 
organism  against  microbes  and  their  toxins  (spleen,  liver,  lym- 
phatic glands),  and  on  those  organs  that  excrete  the  poison  (kidneys 
and  intestines).  The  very  diversity  of  views  indicates  that  at 
present  we  have  not  sufficient  data  for  arriving  at  a  thoroughly 
satisfactory  conclusion  on  the  question  ;  for  this  reason  we  have 
spoken  of  the  "  lardaceous  change  "  throughout. 

(iii.)  Colloid,  Mucoid,  and  Hyaline  Changes. — We  shall 
not  devote  much  space  to  the  consideration  of  these  changes,  for  at 
present  they  are  but  little  understood  and  therefore  lack  definite- 
ness.  It  is  very  difficult  to  appreciate  the  particular  changes  indi- 
cated by  each  writer  on  the  subject,  for  the  "  colloid  "  of  one  author 
is  often  included  under  the  "  hyaline  "  of  another,  and  so  on. 

All  the  changes  are  changes  of  albumin,  for  colloid,  mucoid, 
and  hyalin  are  nitrogenous  substances  allied  with  albumin. 
Speaking  generally,  the  substances  are  semi- translucent  and  more 
or  less  homogeneous  in  structure. 

(a)  Colloid  is  derived  from  epithelium.  In  its  properties 
it  is  very  like  mucus,  but  differs  from  mucus  in  that  it  has  com- 
monly a  yellow  or  brown  colour,  does  not  swell  up  in  water, 
is  not  coagulated  by  acetic  acid,  and  is  not  rendered  cloudy 
by  alcohol  or  by  chromic  acid.  Physiologically,  it  is  found  in 
the  thyroid  body ;  pathologically,  it  occurs  in  cystic  goitre,  in 
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many  forms  of  carcinoma,  especially  those  originating  from 
stomach  and  intestines,  and  in  cysts  that  have  been  formed  by 
occlusion  of  ducts  lined  by  epithelium,  e.g.,  in  the  kidney. 
According  to  Mallory,  the  change  has  a  tendency  to  affect  the 
cerebral  blood-vessels,  whether  it  occurs  in  the  middle  coat  of 
larger  vessels  or  in  capillaries  that  form  net-works  in  certain 
portions  of  the  brain.  Under  all  circumstances,  however,  Mallory 
finds  that  colloid  material  in  the  brain  has  a  great  tendency  to 
undergo  calcification,  whereby  it  leads  to  atrophy  of  nervous 
tissue  and  formation  of  sand-like  deposits  or  stone-like  con- 
cretions. 

(b)  Mucus  is  derived  from  epithelium  and  from  connective 
tissue ;  from  epithelium  by  a  transformation  of  mucigen  granules 
(as  in  the  case  of  mucous  glands),  or  by  a  transformation  of 
cell-protoplasm  (as  in  the  case  of  goblet-cells),  from  connective 
tissue  by  a  metamorphosis  and  swelling  of  the  ground  substance. 
It  is  thus  a  wide-spread  change.  Physiologically,  formation  of 
mucus  from  cells  is  so  common  that  examples  need  not  be  given, 
formation  from  connective  tissue  is  best  seen  in  the  case  of  the 
umbilical  cord.  Pathologically,  an  excessive  formation  of  mucus 
is  seen  in  catarrhal  inflammations  of  mucous  membranes ;  here 
the  mucus  is  of  epithelial  origin.  When  affecting  the  connec- 
tive tissue,  the  mucoid  change  is  seen  under  the  most  varied 
conditions,  for  the  change  may  be  undergone  by  fibrous  tissue, 
cartilage,  bone,  sarcoma  cells,  in  fact  by  any  material  belonging 
to  the  connective  tissue  group.  Mucus  is  not  a  substance  of 
uniform  composition  ;  nor  even  is  its  underlying  constituent 
"  mucin "  a  single  substance,  for  the  composition  of  mucin 
varies  according  to  the  origin  of  the  mucus  from  which  it  is 
derived.  The  mucins,  however,  agree  in  that  they  all  swell 
greatly  in  water,  are  precipitated  by  alcohol  and  by  acetic  acid, 
are  soluble  in  neutral  salt  solutions,  and  in  solutions  of  the 
alkaline  hydrates  and  carbonates.  They  also  yield  on  suitable 
treatment  a  copper-reducing  substance  of  carbohydrate  nature, 
which  is,  in  all  probability,  a  true  sugar.  According  to  Pfan- 
nenstiel  the  contents  of  proliferating  glandular  ovarian  cysts  and 
in  part  also  of  papillary  ovarian  cysts  is  a  "  pseudo-mucin " 
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formed  from  the  cells  lining  the  cyst.  Probably  there  are  also 
several  "  pseudo-mucins, "  but  into  questions  of  this  kind  it  is 
impossible  to  enter  here. 

(c)  The  hyaline  change  was  originally  described  by  von 
Eecklinghausen  as  a  sub-division  of  "  colloid  degeneration." 
He  found  the  change  widely  spread  in  the  body,  but  under  the 
name  he  included  conditions  that  would  now  be  placed  under 
different  headings,  e.g.,  colloid,  coagulation- necrosis,  etc.  Ernst 
has  endeavoured  to  give  precision  to  the  terms  "  hyaline,"  "  colloid," 
and  "  mucoid  "  by  laying  stress  on  their  staining  reactions.  In 
this  direction  much  may  be  hoped  for.  Ernst  finds  if  a  section 
of  thyroid  gland,  for  example,  be  stained  by  a  special  method 
involving  the  use  of  picric  acid,  acid-fuchsin,  and  hematoxylin, 
that  three  substances  can  be  distinguished  :  colloid,  which  stains 
orange-red  and  is  invariably  intra-follicular ;  hyaline,  staining 
purplish-red  and  extra-follicular  ;  mucin,  which  stains  flesh-pink. 
He  therefore  gives  a  definiteness  to  the  term  "  hyaline,"  but  it 
does  not  necessarily  correspond  with  a  hyaline  appearance  ;  thus 
the  hyaline  renal  casts,  commonly  so-called,  are  not  hyaline  in 
Ernst's  sense  of  the  term :  he  calls  them  "  homogeneous."  Von 
Eecklinghausen  considered  that  the  hyaline  change  is  a  cell- 
degeneration.  Ziegler  describes  a  hyaline  change  of  connective 
tissue  which  in  appearance  and  in  seat  of  election  is  very  similar 
to  the  lardaceous  change,  but  which  differs  from  it  in  not 
yielding  the  characteristic  staining  reactions. 

It  is  clear  from  the  foregoing  paragraphs  that  much  work 
must  be  done  before  any  very  definite  statement  can  be  made 
with  regard  to  colloid,  mucoid,  and  hyaline  changes.  Apparently, 
however,  they  are  more  akin  to  the  degenerations  than  to  the 
infiltrations. 

Mention  may  be  made  in  passing  of  a  change  seen  in  certain 
muscles  {e.g.,  rectus  abdominis)  under  various  pathological 
conditions,  but  especially  along  with  continued  fever.  It  is 
known  by  the  name  of  Zenker,  who  first  described  the  condition, 
but  other  names  are  "  waxy  "  and  "  vitreous."  The  term  "  waxy  " 
is  objectionable,  because  it  is  also  applied  to  the  lardaceous 
change.    In  Zenker's  degeneration  the  muscular  fibres  themselves 
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look  dull  and  semi-opaque,  and  microscopically  are  found  to  have 
lost  their  stria tion,  so  that  the  sar oolemma  is  filled  with  masses 
of  clear,  homogeneous  substance;  the  connective  tissue  cells  of 
the  muscle  undergo  proliferation.  By  some  authors  the  change 
is  regarded  as  a  coagulation-necrosis. 

(iv.)  Cloudy  Swelling  (granular,  albuminous  or  parenchy- 
matous degeneration). — Cloudy  swelling  is  a  cellular  change  the 
principal  seats  of  which  are  the  liver,  the  kidneys,  and  the  heart. 
It  occurs  in  patients  who  before  death  have  been  the  subjects 
of  infective  disease  with  high  fever.  The  change,  however,  is 
not  produced  by  the  rise  of  temperature,  but  by  the  action  of 
toxins.  Since  cloudy  swelling  is  the  earliest  sign  of  poisoning 
by  phosphorus,  arsenic,  carbonic  oxide,  etc.,  it  is  not  only 
bacterial  poisons  that  are  effective. 

The  change  is  well  characterised  by  its  name,  for  the  affected 
cells  are  larger  than  normal,  their  contour  is  indistinct,  and 
their  protoplasm  cloudy  from  the  presence  of  innumerable 
minute  granules  of  albuminous  nature;  often  the  nucleus  is 
completely  obscured.  The  granules  are  soluble  in  acetic  acid 
and  in  caustic  potash,  but  insoluble  in  ether,  and  as,  in  addition, 
they  do  not  stain  black  with  osmic  acid,  they  are  not  fatty. 
There  is  no  doubt,  however,  that  they  are  on  the  way  to  become 
fat,  for  cloudy  swelling  and  fatty  changes  may  be  met  with  side 
by  side,  and  conditions  which,  if  acute,  produce  cloudy  swell- 
ing, if  protracted,  produce  fatty  degeneration.  According  to 
Cohnheim,  Ziegler,  and  others,  cells  may  recover  from  cloudy 
swelling,  if  not  too  advanced,  but  this  is  only  a  probability  for 
which  we  have  no  definite  evidence.  Macroscopically  the 
affected  organ  is  enlarged  and  lustreless  and  often  ansemic ; 
it  looks  as  if  it  had  been  cooked.  When  the  change  affects  the 
heart,  as  it  does  in  myocarditis,  cardiac  function  is  seriously 
impaired. 

(v.)  Calcification. — Calcification  is  a  process  of  infiltration; 
the  calcium  salts  are  carried  in  solution  to  the  tissues  by  the 
blood  and  lymph,  and  deposited  therefrom  in  the  solid  form. 
The  salts  concerned  in  calcification  are  chiefly  the  phosphate  and 
the  carbonate  of  lime,  with  small  amounts  of  the  corresponding 
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magnesium  salts  and  some  others.  They  are  therefore  identical 
with  the  salts  present  in  bone.  The  salts  are  deposited  either 
in  cells  or  in  inter-cellular  substance.  The  deposition  more 
commonly  affects  inter-cellular  substance,  but  calcification  of 
cells  occurs  and  sometimes  can  be  well  seen,  as,  for  example, 
when  it  affects  ganglion  cells  of  the  brain  in  old  age. 

Apart  from  the  deposition  of  calcium  salts  in  masses  of  de- 
generated or  dead  tissue — to  which  reference  will  be  made 
immediately — calcification  is  a  sign  of  senescence.  But  the 
number  of  years  that  have  passed  over  the  patient  is  not  the 
only  factor  to  be  considered ;  it  is  more  strictly  just  to  say  that 
calcification  signifies  old  age  of  the  particular  tissue  in  which  it 
occurs,  for  calcareous  plates  may  be  found  in  the  aorta  of  an 
otherwise  healthy  man  of  thirty  years. 

In  many  instances  the  change  is  rather  physiological  than 
pathological.  The  calcification,  for  example,  that  occurs  in 
the  costal  and  laryngeal  cartilages  of  the  aged  is  a  physiological 
preliminary  to  ossification  of  those  cartilages.  But  in  other 
cases  the  change  is  distinctly  pathological.  Such,  for  example, 
is  the  calcification  of  the  walls  of  arteries  constituting  arteritis 
deformans,  the  calcification  that  sometimes  occurs  and  may 
even  go  on  to  true  bone-formation  in  inter-muscular  septa,  the 
calcification  of  tendons,  calcification  of  the  placenta,  etc. 

Calcification  is  a  secondary  and  not  a  primary  process,  for 
putting  aside  calcification  associated  with  normal  bone-formation, 
calcium  salts  are  never  deposited  in  perfectly  healthy  tissues, 
but  only  in  tissues  the  vitality  of  which  has  been  lowered  or 
extinguished. 

Dead  and  degenerated  tissues,  when  situated  among  living 
tissues,  frequently  become  calcified.  This  is  typically  seen  in 
the  formation  of  lithopsedion,  a  rare  condition  in  which  a  foetus 
that  has  escaped  from  an  ectopic  gestation  is  retained  in  the 
abdominal  cavity  for  years  and  is  infiltrated  with  lime  salts. 
It  is  also  seen  in  the  calcification  that  often  succeeds  death 
and  caseation  of  the  cells  in  a  tubercular  nodule  or  a  patch  of 
atheroma,  or  death  of  the  central  portion  of  a  tumour  (e.g.,  fibro- 
myoma).    Of  the  same  nature,  practically,  is  the  calcification  of 
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dense  inflammatory  fibrous  tissue  to  which  we  have  already 
referred  (p.  297),  when  discussing  the  means  whereby  the 
organism  renders  an  irritant  innocuous.  When  the  calcium 
salts  are  deposited  in  a  mass  of  caseous  or  otherwise  dis- 
integrated tissue,  there  can  be  no  question  of  intra-  or  extra- 
cellular deposition,  and  the  mass  is  simply  more  or  less 
gritty.1 

The  reason  for  deposition  of  calcium  salts  is  not  clear.  In 
particular,  the  fact  that  tissues  {e.g.,  tubercular  nodules,  central 
portion  of  hard  fibro-myomata)  which  are  ill  supplied  with  blood 
or  lymph  are  nevertheless  the  especial  seats  of  calcification  is 
difficult  to  reconcile  with  the  fact  that  the  calcium  salts  are 
carried  to  the  part  by  blood  or  lymph.  We  can  understand, 
too,  that  blood-vessels  should  often  be  the  seats  of  calcareous 
change,  but  why  should  calcification  affect  arteries  with  extreme 
readiness  but  veins  with  such  rarity  that  calcification  affecting 
the  walls  of  veins  is  a  pathological  curiosity  ?  If  we  seek  the 
explanation  in  the  relative  amounts  of  carbonic  acid  held  by 
arterial  and  by  venous  blood,  and  consider  that  the  large 
quantity  of  carbonic  acid  in  venous  blood  keeps  the  calcium 
salts  in  solution,  and  that  the  small  quantity  in  arterial 
blood  favours  their  deposition,  we  are  met  by  the  fact  that 
the  pulmonary  veins  carry  blood  having  the  lowest  percent- 
age of  carbonic  acid  in  the  body  and  yet  calcification  is  almost 
unknown  in  these  vessels.  Moreover,  the  assumption  that 
carbonic  acid  increases  the  solubility  of  calcium  salts  is  only 
founded  on  the  fact  that  water  containing  that  gas  holds  in 
solution  an  increased  amount  of  calcium  carbonate.  But  in 
the  first  place  blood  and  lymph  are  not  water,  and  in  the  second 
place  calcium  carbonate  is  not  the  most  important  constituent 
of  calcareous  deposits.  Probably  the  explanation  in  this  par- 
ticular case  lies  in  the  fact  that  calcification  in  blood-vessels  is 

1  Calcium  salts  show  a  marked  affinity  for  hematoxylin,  with  the  result  that, 
when  microscopic  sections  of  tissues  in  which  they  are  present  are  stained  with 
this  reagent,  they  show  a  granular  and  densely  stained  deposit  of  hematoxylin 
at  those  points  where  the  calcium  salts  are  situated.  This  may  easily  be  mis- 
taken for  careless  staining  or  insufficient  washing  in  distilled  water,  unless  the 
fact  be  recognised. 
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closely  bound  up  with  antecedent  atheroma  or  arterio-sclerosis, 
and  these  changes  almost  exclusively  affect  arteries.  But  this 
only  shifts  the  difficulty  back  to  the  question  why  atheroma  and 
arterio-sclerosis  are  diseases  of  arteries  and  not  of  veins.  We 
are  probably  correct  in  ascribing  great  importance  to  high  blood- 
pressure  and  the  stress  to  which  it  exposes  the  vessel  wall,  in 
the  causation  of  these  two  morbid  conditions,  but  further  than 
that  we  cannot  go.1 

(vi.)  Pigmentary  Changes.  —  Abnormal  pigmentations 
depend  upon  the  presence  of  (1)  pigments,  intrinsic  to  the 
body,  or  (2)  extrinsic  pigments.  The  intrinsic  pigments  are 
(a)  hematogenous,  (b)  non-hematogenous. 

(1)  Intrinsic  Pigments,  (a)  Hematogenous. — When  red  blood- 
corpuscles  are  broken  up  in  quantity  two  substances  may  be 
formed,  hemosiderin,  which  contains  iron,  and  hematoidin, 
which  is  iron-free.  These  substances  may  remain  in  situ  or 
may  be  carried  to  distant  parts. 

Hemosiderin  is  a  substance  in  which  the  iron  presents  the 
characteristic  chemical  reactions  of  iron ;  it  turns  black  in  the 
presence  of  ammonium  sulphide  from  the  formation  of  sulphide 
of  iron,  forms  Prussian  blue  in  the  presence  of  potassium  ferro- 
cyanide  and  hydrochloric  acid.  It  therefore  differs  from  iron- 
containing  substances  such  as  hemoglobin,  ferratin,  etc.,  in 
which  the  iron  is  "  masked."  By  aid  of  the  reagents  just 
mentioned,  large  quantities  of  iron  may  be  recognised  in  the 
liver  in  pernicious  anemia  ;  it  lies  in  the  hepatic  cells  in  the  form 
of  minute  granules  and  is  seen  especially  in  the  intermediate  zone 
of  the  lobule,  i.e.,  that  supplied  by  branches  of  the  hepatic  artery. 
In  pernicious  anemia  (as  also  in  malaria,  or  indeed  under  any 
condition  in  which  there  is  marked  hemolysis,  e.g.,  poisoning 
by  arseniuretted  hydrogen,  toluylenediamin)  hemosiderin  may 

1  In  reference  to  the  important  bearing  of  coagulation  upon  calcification,  it  may 
be  mentioned  that  Litten  found  that  if  the  blood  be  allowed  to  flow  through  a 
kidney,  the  artery  of  which  has  been  ligatured  for  an  hour  and  a  half,  there  is  a 
precipitation  of  calcium  salts  "to  such  an  extent  that  the  organ  may  become  as 
hard  as  stone."  The  observation  is  quoted  by  Mott,  but  such  a  condition  is 
certainly  not  constant.  In  three  dogs  in  which  I  performed  the  experiment  no 
deposition  of  calcium  salts  was  observed,  even  on  microscopic  examination.  My 
experiments  are  hitherto  unpublished  and  were  performed  with  a  different  object. 
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also  be  found  in  larger  or  smaller  quantities  in  the  spleen,  in 
renal  epithelium,  in  medulla  of  bone,  and  elsewhere.  The  black 
colour  seen  in  tissues  that  contain  much  blood  when  they  are 
undergoing  putrefaction,  depends  upon  the  action  of  sulphuretted 
hydrogen  upon  haemosiderin. 

Haematoidin  is  occasionally  found  in  a  crystalline  or  a  granular 
form  in  old  extravasations  of  blood,  e.g.,  in  cerebral  apoplexy. 
Sometimes  it  is  free,  sometimes  contained  within  leucocytes  or 
other  cells.  When  crystalline  it  forms  minute  rhombic  plates 
of  an  orange  colour.  There  is  doubt,  both  in  the  case  of 
hfiemosiderin  and  in  that  of  haematoidin,  how  far  the  agency  of 
living  cells  enters  into  formation  of  the  pigment,  but  probably 
Neumann  is  correct  in  his  belief  that  living  cells  are  necessary 
to  the  formation  of  hemosiderin,  but  unnecessary  to  the  forma- 
tion of  haematoidin. 

The  pigmentation  around  syphilitic  and  other  ulcerations, 
that  seen  over  the  tibiae  of  persons  who  sit  much  in  front  of 
the  fire  (ephelis  ab  igne)  are  hematogenous.  Where  the  part 
is  poorly  supplied  with  blood-vessels  and  lymphatics,  pigmenta- 
tion often  persists  for  long  periods.  Derivatives  of  blood- 
pigment  are  of  different  colours ;  to  this  fact  is  due  the  series 
of  colour-changes  undergone  by  a  bruise.  The  yellowish  skin- 
coloration  seen  in  the  subjects  of  pernicious  anaemia  has  been 
ascribed  (but  incorrectly)  to  presence  of  the  urobilin  which  is 
formed  in  large  quantities  in  this  disease.  Highly  important  in 
connection  with  haematogenous  pigmentations  are  the  derived 
pigments  bilirubin  and  biliverdin.  The  yellow  or  green  colora- 
tion of  tissues  in  jaundice  is  due  to  their  impregnation  with 
these  substances.  Occasionally  bile-pigments  are  deposited  in  a 
crystalline  form.  To  these  points  further  reference  is  made  in 
connection  with  the  subject  of  jaundice. 

(b)  Non-lmmatogenous  Intrinsic  Pigments. — The  most  important 
of  these  pigments  is  melanin.  It  is  iron- free  and  can  only  be 
formed  by  the  agency  of  living  cells.  It  is  found  in  the  cells 
of  melanotic  sarcomata,  which  probably  always  originate  in 
tissues  where  pigment-formation  is  normal  (e.g.,  choroid  coat  of 
eye).    Melanin  granules  vary  in  colour  from  a  faint  yellow  to 
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an  intense  black.  When  melanotic  sarcoma  affects  the  urinary 
tract  melanin  may  be  passed  with  the  urine. 

Abnormal  formation  of  a  normal  pigment  may  also  account 
for  pigmentary  changes.  Thus  excessive  formation  of  normal 
pigment  probably  explains  the  pigmentation  often  seen  in 
Addison's  disease,  the  darkening  of  the  mammary  areolae  in 
pregnancy,  the  bronzing  of  the  skin  by  the  sun's  rays,  etc.  In 
other  cases  (vitiligo,  anaesthetic  leprosy)  the  abnormal  colora- 
tion is  probably  due  to  a  deficiency  of  normal  pigment.  In 
some  of  these  examples  (Addison's  disease,  vitiligo,  leprosy)  it  is 
possible  that  the  pigmentary  changes  depend  upon  nervous 
influences  or  their  absence.1 

(2)  Extrinsic  Pigments. — Extrinsic  pigments  are  of  most  varied 
nature.  They  enter  the  body  by  lungs,  alimentary  tract  and 
skin.  The  most  common  is  carbon,  which  is  inhaled  in  minute 
particles  and  is  carried  by  leucocytes  to  all  parts  of  the  lung  and 
thence  to  the  bronchial  glands  by  way  of  the  lymphatics.  Carbon 
leads  to  the  condition  known  as  anthracosis  or  miner's  lung,  from 
the  fact  that  miners  and  others  working  in  an  atmosphere  con- 
taining coal  dust  are  especially  liable  to  be  affected.  But  all 
adults  living  in  cities  have  their  lungs  pigmented  from  the  same 
cause.  In  siderosis,  which  is  due  to  inhalation  of  minute  particles 
of  iron,  the  lung  has  a  rusty  colour ;  in  chalicosis,  a  condition 
affecting  stone-masons,  etc.,  the  inhaled  particles  are  white  and 
the  lung  is  abnormally  pale.  Argyria  is  a  bluish-grey  discolora- 
tion of  the  skin  and  organs  that  was  formerly  often  seen  owing 
to  the  favour  in  which  silver  nitrate  was  held  for  the  treatment 
of  various  nervous  disorders.  The  pigmentation  is  due  to  the 
deposition  of  metallic  silver  in  the  tissues.  Lastly  must  be 
mentioned  such  pigments  as  lamp-black,  vermilion,  etc.,  used  in 
tattooing.  Much  of  the  pigment  introduced  into  the  true  skin 
in  tattooing  remains  localised,  but  a  greater  or  smaller  amount 
is  always  found  in  the  nearest  lymphatic  glands. 

IV.  Atrophy  and  Hypertrophy. — In  general  terms,  it  is 
said  when  a  part  is  smaller  than  normal  that  it  is  atrophied, 

1  See  Chapter  xiii.,  Sect,  vii.,  part  ii. 
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when  larger,  that  it  is  hypertrophied.  But  certain  special  terms 
have  been  coined  to  define  special  conditions  more  closely. 
These  are  somewhat  confusing,  and  have  not  been  well  chosen ; 
nevertheless,  they  have  gained  acceptance,  and  it  will  be  con- 
venient at  the  commencement  of  this  section  to  set  them  forth 
in  order.  In  strict  language,  then,  we  have  to  differentiate  the 
following  conditions : — 

1.  True  Atrophy,  when  tissue  cells,  after  having  reached  their 
normal  size,  retrograde  and  become  smaller,  the  number  of  cells 
in  the  tissue  remaining  unaltered. 

2.  Numerical  Atrophy,  when  the  number  of  cells  in  the  tissue 
which  was  formerly  normal  becomes  diminished.  This  condition 
is  also  known  as  aplasia. 

3.  Hypoplasia,  when  a  tissue  fails  to  reach  the  normal  size 
owing  to  some  defect  of  nutrition  other  than  a  congenital  one. 
This  condition  is  also  known  as  aplasia. 

4.  Agenesia,  when  a  tissue  is  smaller  than  normal  owing  to 
failure  of  development  from  some  congenital  defect. 

5.  True  Hypertrophy,  when  a  tissue  is  increased  in  size 
because  its  component  cells  are  individually  larger  than  normal. 

6.  Hyperplasia,  when  a  tissue  is  larger  because  it  contains  a 
greater  number  of  component  cells  of  normal  size. 

7.  Gigantism,  when  a  tissue  is  larger  than  normal  because  of 
some  congenital  peculiarity. 

Unless  it  is  absolutely  necessary  these  terms  will  not  be 
used  in  the  following  paragraphs,  but  we  shall  speak  simply  of 
"  atrophy "  and  "  hypertrophy."  Nevertheless  when  they  are 
used  they  will  be  intended  to  convey  the  significations  given. 

(i.)  Atrophy. — It  would  simplify  matters  if  we  could  fully 
distinguish  the  parts  played  by  blood-supply,  by  cell,  and  by 
nervous  system  in  the  causation  of  atrophy,  for  they  must  all  be 
concerned  in  atrophy  as  they  are  in  normal  nutrition.  But  in 
many  cases  this  is  impossible  because  we  cannot  decide  upon 
the  factor  primarily  responsible  for  the  atrophy. 

Under  certain  conditions  atrophy  is  a  physiological  process. 
It  is  physiological  in  the  atrophy  of  the  pupillary  membrane  in 
embryonic  life,  in  the  atrophy  of  the  thymus  body  in  the  second 
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year  of  life,  in  the  atrophy  of  the  generative  organs  at  the  climac- 
teric, in  the  general  atrophy  of  old  age.  Even  the  removal  of 
provisional  callus  and  the  absorption  of  redundant  fibrous  tissue 
in  repair  are  physiological  atrophies. 

(1)  Deficiency  of  blood-supply  is  an  important  cause  of  patho- 
logical atrophy,  but  the  deficiency  must  be  long  continued  and 
not  too  severe.  For  if  not  long  continued,  it  may  be  without 
effect,  and  if  too  severe,  it  will  lead  to  degeneration  or  to  local 
necrosis.  One  of  the  most  important  forms  of  atrophy  due  to 
deficient  blood-supply  is  "  pressure  atrophy."  Pressure  atrophy 
is  the  cause  of  that  absorption  of  rib,  costal  cartilage,  sternum 
that  may  be  seen  with  aneurysm  of  the  ascending  part  of  the 
arch  of  the  aorta,  of  the  absorption  of  the  bodies  of  dorsal  verte- 
brae with  aneurysm  of  the  descending  aorta,  of  the  absorption  of 
bone  when  the  periosteum  or  medulla  of  bone  is  the  seat  of  a 
malignant  new-growth.  The  process  in  bone  is  closely  allied  with 
caries,  for  in  both  cases  absorption  of  the  bone  is  carried  out  by 
osteoclasts ;  but  whereas,  in  caries,  the  osteoclasts  are  abnormally 
numerous  and  active,  this  is  not  the  case  in  pressure  atrophy. 
Here,  the  atrophy  is  due  to  the  fact  that  no  new  bone  is  laid 
down  to  replace  that  removed  by  osteoclasts,  owing  to  interfer- 
ence with  the  periosteal  blood-supply  by  pressure  of  the  swelling. 

Many  of  the  "disuse  atrophies"  probably  come  under  this 
heading, — at  least  in  part, — for  disuse  means  lessened  blood- 
supply.  We  have  already  referred  to  this  point  in  connection 
with  normal  nutrition.  Besides  the  examples  there  given,  a 
striking  example  of  disuse  atrophy  is  that  undergone  by  the 
lower  part  of  the  gut  after  lumbar  colotomy ;  as  the  result  of 
disuse,  the  intestine  below  the  artificial  anus  may  dwindle  to  a 
cord  no  thicker  than  the  little  finger.  Deficient  blood-supply, 
in  part  owing  to  disuse,  also  accounts  for  the  diminution  in  size 
of  the  uterus  after  parturition.  The  wasting  in  this  case  is  so 
marked  that  the  normal  uterus  diminishes  in  weight  during  the 
first  fortnight  after  delivery  by  about  a  pound  and  a  half. 

In  chlorotic  girls,  Virchow  pointed  out  that  there  is  often 
hypoplasia  of  the  aorta,  but  the  relation  between  this  condition 
and  the  anaemia  is  unknown. 
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(2)  Some  forms  of  atrophy  must  depend  upon  failure  on  the 
part  of  cells  to  assimilate  nutriment.  As  Mott  remarks,  "  a  cell 
is  not  nourished  but  nourishes  itself."  We  are  here  on  some- 
what uncertain  ground,  but  we  cannot  otherwise  fully  explain 
many  atrophies,  especially  those  which  show  an  inherited 
tendency. 

Thus,  senile  atrophy  has  a  marked  tendency  in  different 
families  to  show  itself  abnormally  early  or  abnormally  late. 
During  all  periods  of  life,  waste  and  repair  go  on  side  by  side, 
but  the  relation  between  the  two  processes  is  different  at 
different  times.  During  growth,  repair  exceeds  waste  and  the 
excess  of  nutriment  is  used  in  forming  additional  tissue  cells,  or 
in  increasing  the  size  of  those  already  in  existence  ;  during  adult 
life,  waste  and  repair  are  evenly  balanced ;  in  old  age,  waste 
gains  the  upper  hand.  But  it  is  not  to  deficient  supply  of  nutri- 
ment that  we  must  ascribe  senile  atrophy,  for  in  most  cases  this 
does  not  differ  greatly  from  the  supply  in  adult  life  ;  moreover, 
old  age  is  exactly  that  period  of  life  in  which  local  growth  of  one 
organ — the  prostate  gland — is  liable  to  occur,  and  old  age  is  no 
barrier  to  the  rapid  growth  of  a  malignant  tumour.  We  must 
ascribe  the  peculiarity  to  the  cell.  We  have  examples  in  the 
opposite  direction.  The  thymus  gland  atrophies — undergoes 
senile  atrophy  we  may  even  say — at  a  period  of  life  when  growth 
elsewhere  is  at  its  height ;  the  generative  organs,  in  woman, 
atrophy  at  a  time  when  the  body  otherwise  is  almost  in  full 
vigour.  One  explanation — indefinite  though  it  is — that  we  can 
give  of  all  these  facts  is  that  the  cells  of  each  tissue  inherit  a 
certain  span  of  life  at  birth  of  the  individual.  This  span  of  life  is 
transmitted  through  the  generations  of  cells  composing  the  tissue, 
but  it  loses  in  transmission.  When  it  is  nearing  its  end,  the  cells 
have  become  altered  in  such  a  way  that  they  can  no  longer  fully 
repair  their  waste,  and  therefore  atrophy  of  the  tissue  sets  in. 

Sometimes  the  inherent  defect  of  tissue  nutrition  involves  a 
whole  system  and  is  very  obvious.  Thus,  senile  atrophy  affects, 
amongst  other  tissues,  the  long  bones,  which  in  old  age  become 
thin,  brittle,  and  liable  to  fracture  spontaneously,  or  as  the 
result  of  insignificant  injury.    But  in  certain  families  there  is 
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an  inherited  tendency  to  spontaneous  fracture  of  bone,  which  is 
so  marked  as  to  force  the  conclusion  that  an  hereditary  fault 
in  bone-formation  and  nutrition  characterises  the  members  of 
these  families.  Greenish  relates  a  history  of  this  kind,  the 
genealogical  tree  of  which  is  given  below.  Within  brackets  is 
placed  the  number  of  fractures  that  each  individual  sustained. 

Genealogical  Tree  of  a  Family  showing  great  Tendency  to 
Spontaneous  Fracture  of  Bone  {after  Greenish). 

M  ("several") 

r  r  i      i  i 

M(l)  M(2)  M(0)       F(0)  F(0) 


M(13)       M(2)  ?(4)       1(4)       ?(8)       ?(4)  ?(3) 

The  inherited  tendency  to  malformation  of  toes  and  fingers 
which  is  sometimes  seen,  and  an  example  of  which  has  been 
given  in  Chapter  I, ,  can  only  be  explained  on  the  assumption  of 
an  hereditary  fault  in  the  cellular  processes  going  on  at  that  time 
of  intra-uterine  life  when  the  digits  are  being  separated  from  the 
as  yet  undifferentiated  extremity.  And  if  we  must  accept  the 
idea  of  an  inherited  peculiarity  of  cell  arrangement,  it  is  not 
unreasonable  to  accept  also  the  idea  of  an  inherited  peculiarity 
of  cell  nutrition. 

Other  examples  of  atrophy  which  we  must  ascribe  to  inherited 
fault  of  cell  nutrition  are  seen  in  Friedreich's  paralysis,  where 
the  fault  concerns  nerve-cells,  and  in  Duchenne's  (pseudo -hyper- 
trophic) paralysis,  where  it  concerns  voluntary  muscle-cells. 
For  these  atrophies  no  other  aetiological  factor  can  at  present  be 
recognised  than  a  hereditary  one.  In  progressive  muscular 
atrophy,  a  condition  which,  so  far  as  the  muscles  are  concerned, 
is  anatomically  very  similar  to  Duchenne's  paralysis,  the  muscular 
atrophy  is  secondary  to  changes  in  the  spinal  cord,  and  not 
primary. 

In  this  connection  it  may  be  pointed  out  that  conditions  such 
as  "  writer's  cramp,"  "  hammerman's  palsy,"  etc.,  generally  end  in 
atrophy  of  particular  groups  of  muscles.  In  these  "  functional " 
diseases  the  first  symptoms  consist  of  spasmodic  contraction,  and 
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the  group  of  muscles  affected  is,  in  the  large  majority  of  cases, 
one  that  has  for  a  considerable  time  been  called  into  action  in 
the  pursuit  of  the  patient's  avocation.  Whether  the  original  seat 
of  these  conditions  is  in  the  nervous  system  or  in  the  muscles 
affected  is  uncertain,  but  the  whole  series  of  changes  from  slight 
spasm  to  complete  paralysis  and  atrophy  seems  to  depend  upon 
an  impaired  nutrition  of  cells  due  to  over-stimulation.  Probably, 
however,  in  these  cases  there  is  some  inherent  defect  of  nerve 
or  muscle-cells  which  causes  them  readily  to  succumb  to  exces- 
sive stimulation;  writer's  cramp,  for  example,  is  a  very  rare 
condition  considering  the  numbers  that  earn  a  living  by  the  pen, 
but  we  should  expect  it  to  be  relatively  common,  if  excessive 
stimulation  were  its  sole  cause. 

(3)  Atrophy  due  to  nervous  causes  is  best  seen  in  the  case  of 
muscles  when  some  lesion  has  interfered  with  the  integrity  of 
their  efferent  nerve  tract.  But  the  interference  must  involve 
the  lower  segment  of  that  tract.  If  we  reduce  an  efferent  tract 
to  its  schematic  form  it  consists  of  an  upper  and  a  lower 
segment.  The  upper  segment  consists  of  a  large  ganglion  cell  in 
the  cerebral  cortex  with  its  dendrites,  that  ramify  locally  and 
bring  the  cell  into  physiological  connection  with  other  cortical 
cells,  and  its  axon,  which  travels  by  way  of  the  internal 
capsule,  crus  cerebri,  pons,  and  white  matter  of  the  cord  down  to 
a  certain  level,  when  it  enters  the  grey  matter,  passes  to  the 
anterior  horn  and  breaks  up  into  a  terminal  arborisation.  The 
lower  segment  is  similar.  It  consists  of  a  large  ganglion  cell  in 
the  anterior  horn  of  the  cord,  with  locally  ramifying  dendrites, 
and  an  axon  which  leaves  the  grey  matter  of  the  cord  by  an 
anterior  nerve  root  and  passes  in  a  nerve  trunk  to  a  muscular 
fibre,  where  it  breaks  up  into  an  arborisation.  Connection, 
physiological  if  not  anatomical  ("  synapsis "),  is  made  between 
these  two  segments  in  the  anterior  horn  of  the  cord,  for  the 
terminal  arborisation  of  the  upper  segment  is  brought  into  close 
relation  with  the  dendrites  of  the  anterior  cornual  ganglion  cell. 

Now,  when  a  muscle  is  paralysed,  atrophy  (in  excess  of  that 
which  is  compatible  with  mere  disuse)  occurs  only  when  the 
lower  segment  is  affected.    The  upper  segment  may  be  involved 
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so  little  that  the  change  is  not  recognisable  microscopically,  and 
we  have  to  assume  that  the  lesion  affects  the  communication 
between  its  terminal  arborisation  and  the  dendrites  of  the 
multipolar  cell  of  the  anterior  horn ;  or  it  may  be  involved  so 
considerably  that  it  has  degenerated  over  its  whole  length  from 
grey  matter  of  cortex  to  grey  matter  of  cord ;  but  though,  in  all 
the  possible  variations  between  these  two  conditions,  there  is 
paralysis,  wasting  of  the  involved  muscle  is  never  comparable 
with  the  marked  atrophy  that  occurs  when  the  lesion  involves 
the  lower  segment  in  any  part  of  its  course.  The  excessive 
muscular  wasting,  for  example,  that  occurs  after  section  of  an 
efferent  nerve  such  as  the  ulnar,  or  when  the  ganglion  cells  in 
the  anterior  horns  of  the  cord  are  affected  by  the  changes 
constituting  poliomyelitis,  has  no  counterpart  in  the  slight 
wasting  that  occurs  when  a  limb  is  paralysed  owing  to  some 
cerebral  lesion.  The  ganglion  cell  of  the  anterior  horn  not  only 
determines  the  nutrition  of  its  own  axon  but  also  the  nutrition 
of  the  muscular  fibre  with  which  the  terminal  arborisation  of 
that  axon  is  in  apposition. 

Similarly,  the  atrophy  which  occurs  after  section  of  all  the 
nerves  supplying  a  salivary  gland  is  probably,  in  part,  dependent 
upon  removal  of  a  trophic  influence  normally  exerted  upon  the 
gland  by  the  nervous  system.  How  far  atrophic  changes  in 
other  glands  are  dependent  upon,  or  independent  of,  primary 
nerve  changes  it  is  impossible  to  say. 

Other  well-marked  examples  of  atrophy  dependent  upon 
nervous  or  upon  nervous  combined  with  vascular  causes,  are 
seen  in  facial  and  glossal  hemiatrophy,  in  "glossy  skin,"  and  in 
scleroderma.  Hemiatrophy  of  the  tongue  occurs  when  the 
hypoglossal  nerve  is  interrupted  in  its  course ;  this  usually 
depends  upon  caries  and  necrosis  of  the  upper  cervical  vertebrae 
or  upon  a  nodule  of  new-growth,  but  in  either  case  conductivity 
of  the  nerve  is  destroyed  by  pressure.  The  affected  half  of  the 
tongue  is  flaccid,  wrinkled,  and  greatly  shrunken. 

Glossy  skin  is  seen  on  the  hands  after  injury  to  the  median 
or  radial  nerve,  and  shows  itself  as  a  marked  thinning  of  the 
epidermis  with  disappearance  of  the  normal  furrows  and  striae, 
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the  sweat-glands,  and  hair-sacs.  A  closely  similar  condition  is 
often  seen  in  the  hands  of  patients  suffering  from  rheumatoid 
arthritis,  a  disease  which,  according  to  some  authors,  is  of  nervous 
origin. 

In  scleroderma  the  corium  takes  on  a  leathery  consistency ; 
the  disease  may  affect  any  part  of  the  body,  but  it  shows  a  pre- 
dilection for  the  fingers.  According  to  Lewin  and  Heller,  who 
analysed  over  400  recorded  cases,  the  disease  is'  an  angeio-tropho- 
neurosis.  Some  authors  consider  it  to  be  a  primary  affection  of 
the  connective  tissue  for  which  no  cause  is  known,  but  Lewin 
and  Heller  lay  great  stress  upon  the  facts  that  in  three  cases  one- 
half  of  the  body  was  affected,  in  seven  one-half  of  the  face,  and 
in  twenty-one  others  there  was  a  symmetrical  arrangement  of 
the  scleroderma.  These  facts  strongly  suggest  a  nervous  origin. 
The  pathology  of  the  affection  is  apparently  as  follows.  First  of 
all  the  blood-vessels  are  locally  dilated  and  the  temperature  of 
the  part  rises,  then  follow  changes  in  the  vessel  walls,  including 
endarteritis.  At  first  with  the  congestion  there  is  oedema  and 
overgrowth  of  the  connective  tissue  of  the  skin,  but  finally, 
inflammatory  and  tropho-neurotic  processes  sharing  in  the  work, 
the  characteristic  induration  appears.  The  induration  compresses 
the  already  modified  blood-vessels  and  injures  them  yet  more,  the 
endarteritis  advances,  the  blood-supply  of  the  skin  is  more  and 
more  cut  off,  and  ultimately  the  skin  may  be  atrophied  until  it 
is  no  thicker  than  paper. 

Just  as  a  change  in  the  spinal  cord  may  determine  atrophy 
of  a  limb,  so  removal  of  a  limb  may  determine  localised  atrophy 
of  the  nervous  system.  Well-marked  examples  of  such  atrophy 
have  been  described  in  many  cases  in  which  amputation  of  a 
limb  has  been  performed  some  years  before  death. 

The  atrophy  affects  the  posterior  column  of  the  same  side,  the 
antero-lateral  column  of  the  opposite  side,  and  the  cortical  centre 
normally  concerned  in  voluntary  movement  of  the  limb.  So, 
too,  after  enucleation  of  the  eye  in  young  animals  there  occurs 
atrophy  of  the  anterior  corpus  quadrigeminum,  optic  thalamus, 
and  occipital  cortex.  A  closely  similar  condition  is  seen  in  the 
atrophy  of  one  lateral  lobe  of  the  cerebellum,  which  has  been 
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found  in  association  with  atrophy  of  the  opposite  frontal  con- 
volutions. 

Changes  undergone  by  a  part  daring  Atrophy. — Atrophy  may 
be  uncomplicated,  though  this  is  rarely  the  case.  Far  more 
commonly  it  is  associated  with  degeneration  or  infiltration 
processes,  of  which  fatty  degeneration  and  calcification  are  the 
chief.  This  is  natural  when  we  remember  that  all  these  pro- 
cesses agree  in  the  fact  that  they  are  disturbances  of  cell 
nutrition  on  the  way  to  cell  death. 

The  converse  proposition,  that  the  degenerations  and  infiltra- 
tions are  associated  with  atrophy,  is  even  more  true.  Only  in 
the  case  of  extremely  limited  infiltrations  is  atrophy  of  cell 
protoplasm  completely  absent.  Where  the  change  is  extensive, 
whether  it  be  a  degeneration  or  an  infiltration,  the  cell  proto- 
plasm gradually  disappears,  commonly  as  the  result  of  pressure 
atrophy.  This  is  seen  to  a  marked  extent  in  a  liver  affected  by 
the  lardaceous  change  ;  though  the  organ  as  a  whole  is  enlarged, 
the  hepatic  cells  are  small  and  compressed,  and  in  many  places 
are  completely  wanting. 

Atrophy  of  the  proper  cells  of  a  tissue  is  often  accompanied 
by  overgrowth  of  its  connective  tissue.  This  combination  is 
frequently  seen  in  the  kidney  (interstitial  fibrosis,  "granular 
kidney ")  and  in  the  liver  (hepatic  cirrhosis).  In  those  cases  it 
has  been  considered  that  the  organ  is  affected  with  "  chronic 
inflammation."  It  occurs  in  the  atrophy  of  ovaries  and  testes 
after  termination  of  sexual  life,  in  scleroses  of  the  nervous 
system,  in  fibroid  "  degeneration  "  of  the  heart  and  elsewhere. 
We  shall  return  to  the  subject  shortly. 

Apart  from  the  proliferation  of  connective  tissue  corpuscles 
seen  in  cases  where  atrophy  is  combined  with  connective  tissue 
overgrowth,  there  sometimes  occurs  a  proliferation  of  tissue 
cell  nuclei.  This  is  markedly  the  case  in  atrophy  of  muscle  ; 
probably  the  changes  here  are  comparable  with  the  changes 
seen  in  the  nuclei  of  leucocytes  when  they  degenerate  and 
become  pus-cells.  An  explanation,  however,  of  the  fact  is 
wanting,  at  least  in  the  case  of  atrophic  proliferation.  Other 
changes,  such  as  fibrillation  in  hyaline  cartilage,  disappearance 
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of  striation  in  voluntary  muscle  fibres,  often  precede  or  are  early 
signs  of  atrophy  ;  their  meaning  is  unknown.  In  brown  atrophy 
of  the  heart  the  atrophy  is  associated  with  the  presence  of  pig- 
ment granules  in  the  neighbourhood  of  the  muscle  nucleus ;  the 
pathology  of  this  condition  is  unknown,  but  apparently  it  is  a 
senile  change. 

When  an  organ  or  tissue  commences  to  diminish  in  size  there 
may  at  first  be  only  a  true  atrophy,  but  very  soon  numerical 
atrophy  is  superadded,  and  it  is  with  a  combination  of  both 
processes  that  we  have  in  most  cases  to  deal.  Agenesia  is  seen 
in  its  most  marked  form  in  certain  congenital  monstrosities. 
Intermediate  conditions  between  agenesia  and  hypoplasia  are 
not  uncommon. 

(ii.)  Hypertrophy. — By  hypertrophy  is  meant  more  than 
mere  enlargement.  A  lung,  the  seat  of  croupous  pneumonia,  is  en- 
larged, but  it  is  not  hypertrophied,  a  liver,  the  seat  of  carcinoma, 
is  enlarged,  but  it  is  not  hypertrophied.  For  the  existence  of 
hypertrophy  not  only  must  the  tissue  be  larger  than  normal, 
it  is  necessary  also  that  its  structure  should  be  normal.  Strictly 
speaking  this  only  occurs  in  hyperplasia ;  in  the  case  of  true 
hypertrophy  the  constituent  cells  differ  from  the  normal  though 
only  in  their  greater  size.  Further,  the  term  hypertrophy  implies 
life ;  mere  accumulation  of  dead  material,  e.g.,  an  uncut  nail 
or  excessive  length  of  hair,  is  not  hypertrophy. 

A  hypertrophied  cell  may  be  enormously  enlarged ;  thus 
Kolliker  found  that  the  unstriped  muscular  cells  of  the  uterus 
at  the  end  of  pregnancy  are  eleven  times  as  long  and  four  times 
as  broad  as  normal.  As  a  rule,  however,  the  increase  is  not  so 
great. 

There  is  some  difference  of  opinion  as  to  how  far  hyperplasia 
conjoins  with  true  hypertrophy  in  producing  macroscopic  hyper- 
trophy. Thus,  in  cardiac  hypertrophy,  most  authors  believe  that 
both  conditions  are  present,  but  Tangl  found  by  direct  measure- 
ment that  the  muscle-cells  are  increased  in  diameter  and  that 
the  mean  diameter  of  the  cells  increases  proportionately  with  the 
weight  of  the  heart.  He  therefore  maintains  that  the  condition 
is  one  of  true  hypertrophy  uncomplicated  by  hyperplasia,  and 
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in  this  view  he  is  supported  by  some  other  authors.  In  the 
pregnant  uterus  hyperplasia  certainly  coincides  with  true  hyper- 
trophy ;  in  the  kidney,  when  there  is  compensatory  hypertrophy, 
there  is  hyperplasia  of  the  cells,  true  hypertrophy  of  the 
glomeruli ; 1  but  when  fibrous  tissue  and  epithelium  increase  in 
bulk  they  do  so  essentially  by  hyperplasia. 

Hypertrophy  involves  tissues  of  widely  different  types  :  muscle, 
glandular  elements,  bone,  epidermis,  fibrous  tissue.  Often 
several  of  these  are  affected  together ;  thus,  when  a  voluntary 
muscle  is  hypertrophied,  the  inter-muscular  fibrous  tissue  and 
the  blood-vessels  which  it  carries,  and  the  bones  at  the  points 
of  muscular  attachment,  are  hypertrophied  also. 

Hypertrophy  may  be,  strictly  speaking,  either  physiological 
or  pathological.  Nevertheless  the  "  physiological  "  hypertrophy 
is  very  frequently  met  with  under  pathological  conditions. 
Pathological  hypertrophy  is  seen  in  such  conditions  as  leucocy- 
thaemia,  where  the  spleen  is  enormously  enlarged,  Hodgkin's 
disease  (lymphadenoma),  where  lymphatic  glands  are  enlarged, 
acromegaly,2  leontiasis  ossea  (Virchow),  pulmonary  osteoarthro- 
pathy (Marie),  osteitis  deformans,  where  bone  is  enlarged  or 
thickened.  Concerning  the  pathology  of  these  conditions  we  are 
completely  ignorant. 

The  two  chief  varieties  of  ''physiological"  hypertrophy  with 
which  we  are  concerned  in  pathology  are  "  work  "  hypertrophy 
and  "  compensatory  "  hypertrophy.  Work  hypertrophy  is  seen 
in  its  simplest  form  when  a  muscular  organ  is  called  upon  to 
overcome  an  increased  resistance,  as,  for  example,  the  urinary 
bladder  when  there  is  stricture  of  the  urethra,  the  stomach 
when  there  is  stricture  of  the  pylorus,  the  voluntary  muscles  of 
an  athlete.  Such  hypertrophy — at  all  events  in  the  case  of 
muscle — only  occurs  when  the  work  to  be  done  lies  well  within 
the  reserve  power  of  the  tissue.    It  is  an  old  experiment  which 

1  Eckhardt  ( Virch.  Arch.,  vol.  cxiv.,  1888,  p.  217)  believes  that  in  compen- 
satory hypertrophy  of  the  kidney  due  to  congenital  absence  of  the  other  organ, 
there  is  hyperplasia  and  hypertrophy  of  both  glomeruli  and  tubules  ;  if  the 
defect  be  acquired  there  is  hypertrophy  alone  and  no  hyperplasia  of  either 
glomeruli  or  tubules. 

2  See  Chap.  XIII.  Sect.  vii. 
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shows  that  a  loaded  muscle  contracts  more  forcibly  with  increase 
of  the  load  up  to,  and  only  up  to,  a  certain  point ;  when  the  load 
is  increased  further,  contractions  diminish  in  force  until  at  last 
they  cease.  It  follows  therefore,  since  functional  activity  and 
supply  of  nutriment  by  actively  dilated  blood-vessels  go  hand  in 
hand,  that  increase  beyond  a  certain  point  of  the  work  to  be  done 
must  of  necessity  lead,  not  to  hypertrophy,  but  to  atrophy  and 
degeneration.  And  whether  exercise  of  function  be  the  cause  of 
hypertrophy  or  no — a  question  to  which  we  shall  return  shortly 
— there  is  no  doubt  that  the  two  conditions  accompany  one 
another,  so  that  hypertrophy  can  only  occur  when  the  work  to 
be  done  is  well  within  the  reserve  power  of  the  tissue  at  the 
moment  when  it  is  called  upon  to  perform  that  work.  This  is 
clearly  seen  in  the  case  of  the  heart ;  a  slight  incompetence  of  the 
mitral  valve  leads  to  great  hypertrophy  of  the  left  ventricular 
wall  and  little  dilatation  of  the  cavity,  but  a  considerable  incom- 
petence, under  similar  circumstances,  leads  to  great  dilatation 
of  the  cavity  and  a  thinning  of  the  ventricular  wall. 

Compensatory  hypertrophy  occurs  in  its  simplest  form  where 
one  of  paired  organs  is  absent  or  removed.1  When  one  kidney 
is  removed  or  destroyed  experimentally,  or  in  the  course  of  disease, 
the  other  hypertrophies.  Other  examples  of  the  kind  are  seen 
in  the  hypertrophy  of  lymph  glands  after  excision  of  the  spleen, 
hypertrophy  of  the  remaining  portion  of  a  gland  such  as  the  liver 
or  pancreas,  when  a  portion  has  been  extirpated ;  perhaps  also 
in  the  hypertrophy  of  the  pituitary  body  which  has  been  found 
by  some  observers  after  thyroidectomy  and  in  myxcedema. 

Work  hypertrophy  and  compensatory  hypertrophy  come  close 
to  one  another,  but  apparently  there  is  a  difference  between  them. 
The  hypertrophy  seen  in  one  kidney  after  removal  of  the  other 
can  easily  be  associated  with  increased  work,  for  the  body  requires 
to  rid  itself  of  a  certain  amount  of  nitrogen,  salts,  and  water, 
whether  there  be  one  kidney  or  two,  and  removal  of  one  organ 

1  Not  all  cases  of  enlargement  under  these  conditions  are  hypertrophic.  Thus, 
when  one  lung  has  been  destroyed  by  disease  the  other  lung  becomes  enlarged, 
but  it  is  not  hypertrophied,  for  in  the  first  place  there  is  no  evidence  of  new 
formation  of  lung  tissue,  and  in  the  second  place,  the  enlarged  lung  is  not 
normal  but  emphysematous. 
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necessarily  throws  increased  work  upon  the  other.  But  in  the 
case  of  the  testis,  so  far  as  we  know,  no  increased  work  is  thrown 
upon  the  remaining  organ  if  one  of  them  fails  to  develop  or  is 
removed,  and  yet  there  is  hypertrophy.  We  approach  here  the 
question  whether  nervous  influences  control  growth  as  in  some 
cases  they  control  nutrition.  The  subject  is  a  difficult  one  and 
cannot  be  discussed  here,  but  that  growth  is  in  some  cases  inde- 
pendent of  the  nervous  system,  is  shown  conclusively  by  the  facts 
that  anencephalous  and  amyelous  monsters  show  well-developed 
tissues  in  other  respects,  that  epithelial  structures  (e.g.,  hair, 
teeth)  and  even  bone  may  develop  in  dermoid  cysts,  and  in  a 
most  marked  manner  by  the  fact  that  in  the  embryo  early  growth 
and  division  of  cells,  and  even  the  formation  of  the  nervous 
system  itself,  are  carried  out  independently  of  nervous  control. 

Hypertrophy  being  fundamentally  growth  carried  beyond  the 
normal  limits,  the  conditions  underlying  hypertrophy  are  essen- 
tially those  underlying  normal  growth.  These  are:  (1)  an  in- 
herent power  of  growth  on  the  part  of  the  cell ;  (2)  an  excessive 
supply  of  nutriment ;  (3)  a  stimulus. 

Concerning  the  first  two  of  these  there  is  no  doubt,  though 
the  hypertrophy  of  bone  which  is  seen  after  prolonged  administra- 
tion of  phosphorus,  and  the  general  increase  in  size  and  vigour 
(not  confined  to  the  skeleton)  seen  after  prolonged  administra- 
tion of  arsenic,  have,  by  some  authors,  been  considered  to  depend, 
not  upon  an  excessive  supply  of  nutriment,  but  upon  a  dimin- 
ished tissue  waste.  But  in  the  case  of  the  stimulus  there  is  great 
divergence  of  opinion.  Cohnheim  considered  that  the  stimulus 
to  increased  growth  is  the  increased  amount  of  nutriment  con- 
veyed to  the  part  by  an  active  hyperemia  called  forth  by 
functional  activity  ;  no  stimulus,  whether  nervous,  mechanical, 
chemical,  thermic,  or  inflammatory,  was,  in  his  opinion,  an 
effective  cause  of  hypertrophy,  except  by  the  way  of  active  con- 
gestion. Ziegler  holds  that  the  stimulus  for  hypertrophy  is  in- 
creased work.  Bizzozero  divides  tissues  into  three  groups :  (a) 
those  whose  cells  proliferate  without  intermission  so  long  as  the 
individual  lives — these  he  calls  labile  cells,  and  to  them  belong 
the  cells  of  glands  (e.g.,  sebaceous)  which  break  down  into  the 
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secretion,  skin,  and  its  appendages ;  (b)  tissues  whose  cells  pro- 
liferate no  more  once  they  have  gained  their  specific  characters, 
which  occurs  at  or  soon  after  birth — these  are  stable  cells,  and  to 
them  belong  bone,  cartilage,  smooth  muscle  and  tissue  of  glands 
secreting  amorphous  substances ;  (c)  tissues,  the  cells  of  which 
have  ceased  to  proliferate  during  embryonic  life,  though  differ- 
entiation of  the  tissue  may  not  have  taken  place  at  that  time — 
these  are  permanent  cells,  and  of  this  kind  are  nerve  and  striated 
muscle-cells.    He  has  shown  through  his  pupils  that  congestion 
from  vaso-motor  paralysis  (Morpurgo)  or  heating  (Penzo)  favours 
a  proliferation  of  labile  cells,  but  cannot  start  proliferation  of 
either  stable  or  permanent  cells.    Sacerdotti  attaches  himself  to 
Ziegler's  view,  for  he  found  in  a  dog,  from  which  one  kidney  had 
been  removed,  that  if  he  reduced  the  amount  of  material  to  be 
excreted  by  starving  the  animal,  hypertrophy  and  cell-division 
were  absent  from  the  remaining  kidney.    He  found  further  that 
if  he  injected  into  a  normal  dog  once  or  twice  daily  for  several 
days  the  blood  of  a  bilaterally  nephrectomised  dog,  that  the 
kidneys  of  the  normal  dog  showed  numerous  karyokinetic  figures. 
Eibbert  allows  that  increased  functional  activity  and  hypertrophy 
or  hyperplasia  are  found  together,  but  he  doubts  whether  they 
stand  to  one  another  as  cause  and  effect.    He  believes  that  the 
stimulus  to  increased  growth  is  to  be  found  in  a  mechanical 
effect  of  the  hyperemia.    He  holds  that  all  cells  have  an  inherent 
capacity  for  growth,  in  some  cases  greater,  in  some  cases  less,  but 
that  this  inherent  capacity  is  held  in  check  by  the  "  tissue- ten- 
sion {Gewebspannung)"  of  neighbouring  parts,  and  by  the  in- 
fluence which  the  whole  body  exerts  upon  its  component  parts. 
When  a  tissue  ceases  to  grow,  this  does  not  depend  upon  the  fact 
that  its  capacity  for  growth  is  exhausted  as  Cohnheim  held,  but 
is  due  to  the  fact  that  tissue-tension  has  become  sufficient  to 
inhibit  a  manifestation  of  the  inherent  power  of  growth  which 
still  lurks  in  its  component  cells.    Hence,  when  the  tissue-tension 
is  diminished,  as  it  is  when  parts  are  separated  from  one  another, 
e.g.,  by  hyperemia,  the  inherent  power  of  growth  is  no  longer 
restrained,  and  therefore  growth,  i.e.,  hypertrophy,  takes  place. 
This  same  explanation  Eibbert  applies  to  the  processes  of  re- 
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generation  and  repair,  and,  as  we  shall  see  later,  in  a  slightly 
modified  form  to  tumour  and  cyst-formation.  It  must  be  noted 
that  by  "  tissue-tension "  Eibbert  implies  the  sum  of  all  the 
opposing  influences  acting  upon  a  part,  and  not  mechanical 
factors  alone. 

As  to  the  mode  in  which  growth  takes  place,  it  is  held 
that  true  hypertrophy  consists  in  separation  of  the  molecules 
composing  a  cell  protoplasm,  and  intercalation  between  them  of 
new  molecules  of  water  and  of  protoplasm  derived  from  the 
blood.    This  process,  it  is  generally  considered,  depends  upon 
osmosis  or  a  process  akin  to  osmosis.    Thus  Loeb,  dealing  with 
functional  hypertrophy  of  muscle,  says  that,  probably,  as  the 
result  of  functional  activity,  the  osmotic  pressure  in  the  muscle 
bundles  rises,  and  the  number  of  molecules  in  solution  in  the 
muscle  substance  increases.    The  water  entering  the  muscle  by 
osmosis  would  increase  the  volume  of  the  muscle  and  new 
molecules  could  be  laid  down  in  the  enlarged  spaces.    He  says 
that  quite  a  small  amount  of  muscular  action  raises  the  osmotic 
pressure  of  muscle  by  50  per  cent.    Hyperplasia  not  only 
includes  growth,  but  also  cell  division,  whether  direct  (amitosis) 
or  indirect  (mitosis,  karyokinesis).    The  phenomena  observed 
when  cells  are  dividing  are  of  course  well  established,  but  little 
or  nothing  is  known  as  to  the  factors  upon  which  they  depend 
other  than  those  which  apply  to  growth  generally. 

(iii.)  Fibrosis  and  Certain  Allied  Changes  in  Bone 
and  Joints. — We  have  already  seen  that  in  repair  of  composite 
tissues  new  formation  of  fibrous  tissue  is  a  very  prominent 
factor.  In  chronically  inflamed  parts,  therefore,  the  amount  of 
fibrous  tissue  is  often  greatly  increased.  This  fibrous  tissue 
is  true  scar  tissue.  But  besides  cases  of  this  kind,  which  are 
strictly  inflammatory,  an  increase  of  fibrous  tissue  occurs  under 
conditions  where  there  is  no  evidence  that  inflammation  is  or 
has  ever  been  a  factor.  Thus,  in  Duchenne's  (pseudo-hyper- 
trophic  muscular)  paralysis,  the  calves  and  buttocks  are 
enormously  increased  in  size,  the  increase  being  due  solely  to  a 
hyperplasia  of  the  inter-muscular  connective  tissue  with  a  deposi- 
tion in  it  of  much  fat.    In  chronic  granular  kidney,  in  cirrhosis 
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of  the  liver,  in  fibroid  disease  of  the  heart,  in  sclerosis  of  the 
nervous  system,  there  is  a  similar  increase  of  fibrous  tissue,  and  it 
may  be  so  considerable  that  in  places  this  is  the  only  tissue 
recognisable. 

Now,  though  the  change  in  Duchenne's  paralysis  has  never 
been  regarded  as  inflammatory,  and  though  in  fibroid  disease  of 
the  heart  and  sclerosis  of  nerve  tracts  there  have  always  been 
some  doubts  on  the  point,  in  the  cases  of  granular  kidney  and 
hepatic  cirrhosis  it  was  long  held  without  question  that  the 
increased  fibrous  tissue  is  true  scar  tissue  and  that  fibrosis  of 
these  organs  is  really  the  result  of  chronic  interstitial  inflam- 
mation. Hence  granular  kidney  is  at  the  present  time  often 
called  chronic  interstitial  "  nephritis"  cirrhosis  of  the  liver  often 
regarded  as  a  form  of  chronic  interstitial  "  hepatitis"  and  (though 
less  frequently  than  in  former  years)  fibroid  heart  is  sometimes 
termed  a  chronic  "  myocarditis,"  and  sclerosis  a  chronic  "  ence- 
phalitis "  or  "  myelitis." 

But  apart  from  the  fallacy  introduced  by  dividing  inflammation 
into  "  interstitial "  and  "  parenchymatous "  and  attaching  the 
conditions  under  discussion  to  the  "  interstitial "  variety, 
evidence  that,  in  these  cases,  there  has  ever  been  inflammation 
in  the  accepted  sense  of  the  word,  is  meagre  or  entirely  wanting, 
and  is  wholly  unsatisfactory.  Many  authors,  therefore,  at  the 
present  day  refuse  to  consider  this  kind  of  fibrous  tissue-forma- 
tion as  inflammatory.  They  point  out  that  almost  all  cases  of 
atrophy  are  accompanied  by  a  non-inflammatory  hyperplasia  of 
fibrous  tissue.  Thus  it  occurs  in  Duchenne's  paralysis,  in  the 
post-natal  or  embryonic  changes  occurring  in  atrophy  of  the 
ductus  venosus,  urachus,  ductus  arteriosus,  thymus,  in  atrophy  of 
the  ovaries  and  testes  after  termination  of  sexual  life,  and  so  on. 
Hence  they  conclude  that  in  cerebral  and  spinal  scleroses,  in 
granular  kidney,  in  cirrhosis  of  the  liver,  in  fibrosis  of  the  heart, 
and  allied  conditions  of  the  same  fibroid  nature,  the  hyperplasia 
of  connective  tissue  is  compensatory  to  an  antecedent  disappear- 
ance of  the  proper  cells  of  the  tissue,  and  is  not  inflammatory  at 
all. 

For  the  strict  proof  of  this  proposition  it  is  necessary  to  show 


CIRRHOSIS  OF  LIVER. 


543 


that  in  granular  kidney,  etc,  the  true  elements  of  the  tissue 
are  first  of  all  affected  by  those  agents  which  are  commonly 
accepted  as  causes  of  the  fibrotic  change.  In  the  case  of  fibrosis 
of  the  heart,  it  has  been  noted  that  the  condition  especially 
occurs  along  with  changes  in  the  coronary  arteries  or  their 
branches,  and  these  changes  lead  to  impaired  nutrition  of  the 
myocardium.  Many  investigators  have  sought  to  determine 
the  point  with  reference  to  the  liver  and  kidney  (especially  the 
former),  working  with  alcohol,  chloroform,  ether,  phosphorus,  etc. 
Though  there  is  divergence  of  result  the  balance  of  evidence  goes 
to  show  that  these  agents  act  primarily  on  the  cells,  and  that  the 
fibrosis  is  secondary.  In  the  case  of  sclerosis  of  the  nervous 
system  it  has  over  and  over  again  been  shown  experimentally 
that  after  degeneration  of  a  tract,  sclerosis  gradually  takes  place, 
and  that  the  connective  tissue  formed  under  these  conditions  is 
formed  without  the  slightest  trace  of  inflammation. 

In  the  case  of  cirrhosis  of  the  liver,  the  view  that  fibrosis  is 
secondary  has  been  supported  by  Wickham  Legg,  Charcot  and 
Gombault,  Ackermann,  Hamilton,  and  many  others.  Afanas- 
siew,  working  with  alcohol,  found  that  administration  over  long 
periods  (rabbits,  four  months,  dogs,  nine  months)  leads  to  the 
formation  of  necrotic  foci  in  the  liver,  which  act  as  irritants  to 
the  surrounding  tissue ;  this  reacts  by  multiplication  of  con- 
nective tissue  cells  and  formation  of  giant-cells,  and  ultimately 
the  focus  is  replaced  by  fibrous  tissue.  Lafitte  found  in  rabbits 
that  alcohol  directly  affects  the  hepatic  cell  and  leads  to  its 
atrophy.  Mertens  found  in  rabbits  caused  to  live  in  an  atmos- 
phere containing  vaporised  alcohol,  that  the  liver  shows  a 
marked  increase  of  fibrous  tissue  if  the  animals  live  long  enough 
(a  year),  and  that  in  these  cases  the  liver-cells  are  but  slightly 
altered ;  when  the  animals  succumb  after  a  few  months  there  is 
no  increase  of  fibrous  tissue,  but  the  liver-cells  are  greatly 
degenerated.  Adami  notes  that  in  cattle  the  infective  disease 
known  as  "  Pictou  disease  "  is  accompanied  by  a  condition  of 
the  liver  similar  to  that  found  in  cirrhosis  in  man ;  probably  in 
this  case  the  irritant  is  a  bacterial  toxin  which  acts  as  a  pro- 
toplasmic poison.     Gerhardt  found  that,  after  ligature  of  the 
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bile  duct  in  rabbits,  numerous  necroses  appear  in  the  liver, 
which  are  afterwards  replaced  by  newly-formed  connective 
tissue. 

On  the  other  hand,  von  Kahlden  was  unable  to  find  any 
cirrhotic  modification  in  the  livers  of  a  variety  of  animals  to 
which  he  gave  alcohol,  though  he  observed  an  intense  hyper- 
emia. De  Kechter,  too,  concluded,  from  numerous  experiments 
on  rabbits  and  dogs,  that  the  hepatic  cells  remain  absolutely 
intact,  except  for  an  atrophy  undergone  by  reason  of  the 
compression  to  which  they  are  subjected  from  contraction 
of  the  connective  tissue  which  is  newly  formed  in  parts  of  the 
lobule. 

It  must  be  confessed,  however,  that  even  the  most  favourable 
of  these  experiments  do  not  finally  dispose  of  the  question,  for 
if  the  "  necrosed  foci/:  "  degenerated  cells,"  etc.,  act  as  "  irri- 
tants," one  might  argue  that  they  must  cause  inflammation,  and 
therefore  that  the  connective  tissue  produced,  even  though  pro- 
duced secondarily,  is  itself  of  an  inflammatory  nature.  If  we 
adopt  Kibbert's  theory  of  hypertrophy,  the  difficulty  vanishes, 
for  localised  death  of  the  cells  must  modify  tissue-tension  and 
set  free  the  hitherto  restrained  capacity  of  growth  of  surround- 
ing cells.  That  in  this  case  it  should  be  the  connective  tissue 
cells  and  not  the  hepatic  cells  which  proliferate  does  not  con- 
stitute a  difficulty,  for  we  have  ample  evidence  that  connective 
tissue  can  thrive  under  nutritive  conditions  which  cause  more 
delicate  tissues  to  succumb.  One  argument  against  Eibbert's 
theory,  it  may  be  mentioned  in  passing,  is  that  it  affords  so  easy 
an  explanation  of  so  many  processes;  the  more  we  learn  of 
pathology,  the  more  we  find  that  very  simple  explanations  are 
liable  to  be  upset  by  later  investigations. 

Under  this  heading  may  also  be  mentioned  certain  morbid 
conditions  of  bones  and  joints  in  which  it  is  questionable  whether 
inflammation  plays  a  part,  though  such  is  indicated  by  the  names 
given  to  the  affections.  These  are  rhachitis  (rickets),  rheumatoid 
arthritis,  osteitis  deformans.  With  them  may  be  placed  osteo- 
malacia, Charcots  "  arthropathies "  (seen  in  some  diseases  of  the 
nervous  system,  especially  tabes  dorsalis),  leontiasis  ossea  (Vir- 
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chow),  and  perhaps  acromegaly  1  and  Marie's  hypertrophic  pul- 
monary osteo-arthropathy. 

The  pathology  of  these  conditions  is,  in  most  cases,  very 
obscure.  They  are  nutritive  disorders,  whether  purely  atrophic 
(osteo-malacia),  purely  hypertrophic  (leontiasis,  acromegaly,1 
Marie's  osteo-arthropathy),  or  a  combination  of  atrophy  in  some 
places  with  hypertrophy  in  others  (rickets,  rheumatoid  arthritis, 
osteitis  deformans,  Charcot's  arthropathy).  A  few  of  these  con- 
ditions will  be  examined  more  closely. 

In  osteo-malacia  there  is  extreme  thinning  and  softening  of 
bones.  The  shafts  of  the  femora,  for  example,  may  be  no  thicker 
than  paper,  the  medullary  canal  has  widened  in  diameter,  and 
the  bone  may  be  so  soft  as  readily  to  be  indented  with  the  finger- 
nail. The  condition  is  largely,  but  not  entirely,  one  of  pregnant 
and  suckling  women  ;  in  cases  where  pregnancy  and  lactation 
are  excluded,  onset  of  the  bone-condition  has  often  been  preceded 
by  a  period  of  nervous  or  mental  depression.  Levy  made 
chemical  examination  of  the  femora  in  a  well-marked  case  of 
osteo-malacia.  He  found  that  the  mineral  salts  of  the  bone  are 
diminished  to  about  one-sixth  of  the  normal,  but  that  the  pro- 
portions of  phosphorus  to  lime  and  phosphates  to  carbonates  are 
the  same  as  in  normal  bone.  It  has  been  supposed,  though  on 
insufficient  grounds,  that  osteo-malacia  depends  upon  an  excessive 
formation  of  lactic  acid  in  the  body  which  dissolves  the  inorganic 
constituents  of  bone.  But  apart  from  other  objections  to.  this 
view,  Levy  found  that  whereas  normal  bone,  when  immersed  in 
1  per  cent,  solution  of  lactic  acid,  loses  more  carbonate  than 
phosphate,  this  is  not  the  case  in  osteo-malacia.  The  process  is 
not,  therefore,  a  decalcification  such  as  is  seen  in  artificial  decalcifi- 
cation of  bone  for  histological  purposes,  but  is  a  true  converse  of 
ossification  and  consists  in  the  removal  of  molecules  of  phospho- 
carbonate  as  such. 

Rickety  manifestations  are  seen  to  the  most  marked  extent 
at  the  growing  ends  of  bones,  where  they  consist  in  a  hyperplasia 
and  hyperemia  of  periosteum,  a  hyperplasia  of  cartilage,  an 
irregularity  and  greater  width  of  the  line  of  ossification,  a  removal 
1  See  also  Chap.  XIII.  sect.  viL 
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of  previously  formed  bone,  and  its  replacement  by  irregular  bone 
deficient  in  lime  salts.  But  rickets  does  not  only  affect  bones  ; 
liver,  spleen,  muscle,  tendon,  mucous  membrane,  skin,  blood,  all 
share  in  the  disorder,  and  the  frequency  with  which  general  con- 
vulsions, spasmodic  contractions  of  muscle  groups  (as  in  tetany), 
laryngismus  stridulus,  occur  in  rickety  children,  shows  that  the 
nervous  system  is  not  exempt. 

There  is  overwhelming  evidence  that  rickets  must  be  con- 
nected setiologically  with  deficient  supply  or  assimilation  of  certain 
food-constituents.  "  The  chief  and  constant  defect  appears  to 
be  an  insufficient  supply  of  animal  fat,  and  therewith  also,  in 
certain  cases,  a  deficiency  of  earthy  salts  in  the  form  of  phosphates  ; 
at  the  same  time,  if  animal  proteid  be  deficient,  the  disease  is 
intensified  "  (Cheadle).  As  to  the  way  in  which  these  faults  in 
diet  produce  rickets,  it  is  impossible  to  speak.  Deficient  absorp- 
tion of  lime  salts,  excessive  production  of  lactic  acid,  and  many 
other  suggestions  have  been  made,  but  they  are  all  more  or  less 
unsatisfactory.  It  is  important  to  note,  however,  that  semi- 
starvation  does  not  lead  to  rickets ;  a  half -starved  child  or 
animal  is  weak  and  puny,  but  it  is  not  by  any  means  necessarily 
rickety. 

Eheumatoid  arthritis  and  Charcot's  arthropathy  may  be  con- 
sidered together,  for  the  changes  to  which  they  lead  are  very 
similar,  if  not,  in  the  early  stages,  quite  identical.  These  changes 
affect  joints  and  the  bone  in  their  neighbourhood.  They  consist 
in  atrophy,  degeneration  and  disappearance  of  articular  cartilage, 
and,  to  a  certain  extent,  of  bone,  together  with  a  synchronous 
formation  of  new  and  dense  bone  in  the  immediate  neighbour- 
hood of  the  joint.  The  changes  are  like  and  yet  unlike  those 
seen  in  true  inflammation  of  joints  and  bone,  and  it  is  here  just 
as  difficult  to  determine  whether  we  are  dealing  with  a  chronic 
inflammation  or  not,  as  it  was  in  the  case  of  cirrhosis  of  the  liver, 
chronic  granular  kidney,  and  those  other  conditions  which  we 
have  determined  to  sum  up  under  the  name  "  chronic  fibrosis." 

In  the  case  of  Charcot's  arthropathy,  since  the  joint  affection 
is  undoubtedly  associated  with  severe  nervous  lesions,  it  has  been 
suggested  that  the  change  is  "  trophic,"  and  evidence  that  the 
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nervous  system  controls  nutrition  of  joints.  And  in  the  case  of 
rheumatoid  arthritis,  it  is  certain  that  depressing  mental  and 
bodily  causes  play  an  important  part,  while  it  is  equally  certain 
that  those  joints  suffer  earliest  and  most  severely  which  have 
been  constantly  called  into  play  by  the  patient's  calling  ;  in  this 
respect  the  disease  having  much  in  common  with  such  diseases 
as  writer's  cramp,  hammerman's  palsy,  etc.  So  that  the  idea 
suggests  itself  that  the  joint  and  bone  changes  in  rheumatoid 
arthritis  may  be  "  trophic  "  also  in  the  same  sense.  But  Shuller, 
Ballantyne,  Wohlmann  and  Blaxall,  and  other  authors,  have 
described  micro-organisms  which  they  have  found  in  the  joints 
of  patients  suffering  from  rheumatoid  arthritis,  and  which  they 
regard  as  the  cause  of  the  disease,  and  it  may  well  be  that 
Charcot's  arthropathy  is  induced  by  some  irritant,  whether 
bacterial  or  not,  which  would  be  without  effect  but  for  the 
relatively  anaesthetic  condition  of  the  joint.  It  is  impossible, 
therefore,  to  decide  with  certainty  whether  the  two  conditions 
are  similar  in  pathology,  or  whether  they  are  entirely  different, 
and  if  similar,  whether  both  are  essentially  "  trophic  "  or  both 
essentially  inflammatory.1 

In  the  case  of  Marie's  osteo-arthropathy,  so  little  is  known 
concerning  the  condition,  that  we  are  riot  yet  in  a  position  to 
discuss  its  pathology ;  Marie  conjectures  that  the  condition  is 
caused  by  absorption  of  some  toxic  substance  from  diseased 
pulmonary  tissues,  Thorburn,  that  it  is  really  tubercular. 
Leontiasis  ossea  and  osteitis  deformans  are  equally  obscure  in 
pathology.  Acromegaly  will  be  considered  later  and  in  connec- 
tion with  the  internal  secretions ;  in  this  disease  the  pituitary 
body  is  almost  always  found  to  be  altered. 

In  many  of  the  conditions  of  bones  and  joints  that  have 
been  mentioned  here,  it  will  be  noted  that  structural  or  func- 

1  In  a  discussion  upon  the  subject  of  Rheumatoid  Arthritis  at  the  Montreal 
meeting  of  the  British  Medical  Association  (reported  in  Brit.  Med.  Journ.,  Oct. 
30,  1897),  Stewart  remarked  that  "evidence  pointing  to  a  nervous  origin  of 
rheumatoid  arthritis  is  very  meagre,"  and  quoted  Baumler  as  saying  that  there 
is  "not  sufficient  evidence  to  support  the  views  commonly  held  as  to  the  nervous 
origin  of  rheumatoid  arthritis."  But  granting  the  justice  of  these  criticisms, 
they  may  equally  well  be  applied  to  any  other  view  with  regard  to  the  aetiology  of 
the  disease,  and,  in  my  opinion,  with  even  more  force. 
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tional  modification  of  nerve-matter  is  present.  Whether  it  will 
ultimately  lie  shown  that  all  these  conditions  are  "  trophic "  in 
the  sense  that  they  immediately  depend  upon  some  derangement 
in  nutrition  brought  about  by  way  of  the  nervous  system,  it  is 
impossible  to  say.  The  important  point  to  remember  is  that  they 
bear  closer  relationship  to  the  nutritive  disorders,  necrosis, 
degeneration,  atrophy,  hypertrophy,  than  they  do  to  true  inflam- 
mation. True  inflammation  of  bones  and  of  joints  is  known, 
both  in  the  acute  and  in  the  chronic  form,  but  there  are  wide 
differences  between  even  the  most  chronic  inflammation  of  a 
bone  or  joint  and  the  conditions  discussed  above. 

V.  The  New-growths.  —  (i.)  Definition.  —  Though  it  is 
impossible  to  frame  a  definition  of  the  new-growths  which  shall 
be  above  criticism,  a  definition  of  some  kind  is  convenient ;  we 
shall  adopt  that  of  Ziegler.  "  A  neoplasm  or  tumour  is  a  new 
formation  of  tissue  which  is  atypical  in  structure,  which  sub- 
serves no  useful  purpose  to  the  whole  economy,  and  the  growth  of 
which  has  no  typical  termination." 

In  this  definition  the  expression  "new  formation  of  tissue" 
excludes  formations  such  as  "  retention  "  and  "  exudation  "  cysts, 
which  are  "  swellings,"  and  therefore  etymologically  should  be 
included  amongst  the  tumours,  but  which  are  by  most  authors 
excluded  from  the  group.  Insertion  of  the  attribute  "  atypical  " 
eliminates  the  generalised,  but  not  the  localised,  hypertrophies, 
for  these  latter  may  under  certain  circumstances  constitute  true 
tumours.  The  fact  that  a  new-growth  "  subserves  no  useful 
purpose  "  is  of  great  importance,  not  only  by  reason  of  the  direct 
statement  itself,  but  because  it  makes  certain  further  exclusions  : 
it  excludes,  for  example,  from  the  tumours,  provisional  callus 
formed  during  repair  of  the  bone,  however  voluminous.  And 
lastly,  the  statement  that  the  growth  of  a  tumour  has  no 
"  typical  termination  "  suffices  to  separate  the  tumours  from  all 
swellings  of  inflammatory  origin  and  especially  from  the  "  infec- 
tive granuloma ta  "  or  "  infective  tumours  "  (Cohnheim)  which  are 
tumour -like  but  are  built  up  of  granulation  tissue  and  are 
therefore  "  inflammatory." 
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(ii.)  Modes  of  Classification. — Virchow  divided  the  new- 
growths  into  three  classes,  histioid,  organoid,  teratoid.  The 
histioid  tumours  corresponded  with  one  simple  histological  tissue ; 
organoid  tumours  had  a  more  complicated  structure,  being  built 
up  of  several  types  of  tissue — in  a  modified  sense  they  corresponded 
to  definite  organs  of  the  body ;  teratoid  tumours  were  still  more 
complicated  in  that  they  were  built  up  of  whole  systems  of 
tissues,  though  imperfectly  developed.  The  class  of  teratoid 
tumours  is  still  recognised :  it  is  made  up  by  the  "  dermoid  cysts." 
.Use  of  the  terms  "  histioid "  and  "  organoid "  has,  however, 
largely  been  discontinued,  because  Virchow's  distinction  between 
the  two  classes  of  tumour  is  not  a  real  one — the  simplest  fibroma 
is  complex  in  that  it  contains  some  blood-vessels  besides  its  con- 
stituent fibrous  tissue. 

New-growths  have  also  been  described  as  "  homologous " 
and  "  heterologous."  By  these  terms  are  meant,  respectively, 
conditions  in  which  a  tumour  occurs  in  tissue  of  like  kind 
with  itself,  or  occurs  in  a  tissue  unlike  itself ;  thus  a  fibroma 
growing  from  tendon  is  homologous,  an  enchondroma  growing 
in  the  parotid  gland  or  testis  is  heterologous. 

Far  more  important  is  the  division  of  tumours  into  two  great 
classes  according  as  they  arise  from  (a)  mesoblastic,  or  (b)  epi-  or 
hypoblastic  structures  ;  for  it  is  found  that  certain  characteristics 
distinguish  the  two  groups.  Better  perhaps  than  this  division, 
owing  to  the  present  uncertainty  with  regard  to  the  embry- 
ological  origin  of  many  structures  of  the  body,  is  a  distinction 
of  tumours  into  those  of  the  connective  tissue  type  and  those 
of  the  epithelial  type.  Though  such  a  division  does  not  include 
a  few  varieties  of  tumour  it  embraces  the  great  majority. 

Lastly,  the  clinician  has  divided  the  new-growths  into  non- 
malignant  1  and  malignant,  a  mode  of  separation  of  vast  practical 
importance.  The  criteria  of  malignancy  are  essentially  two : 
(1)  tendency  to  spread  locally,  (2)  tendency  to  form  meta- 

1  Non-malignant  growths  are  sometimes  spoken  of  as  "benign"  or  "  innocent." 
But  to  call  any  pathological  condition  "benign"  is  the  height  of  euphemism, 
and  to  call  a  tumour  "  innocent "  when  it  may  lead  to  death  owing  to  the  pressure 
which  it  exerts,  or  because  it  takes  on  malignant  characteristics,  is  at  least 
optimistic. 
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stases  or  secondary  growths  at  a  distance.  From  these  criteria 
follow  other  characteristics  of  the  two  groups. 

(a)  The  non-malignant  tumours  are  encapsulated,  the  malig- 
nant tumours  have  no  capsule.  This  statement  is  generally  true, 
but  there  are  certain  exceptions :  a  fatty  tumour,  for  example, 
is  essentially  non-malignant,  but  it  is  not  invariably  circum- 
scribed, "  diffuse  "  lipomata  being  known. 

(b)  The  non-malignant  tumours  grow  slowly,  the  malignant 
tumours  grow  rapidly.  This  statement  again  is  only  generally 
true :  it  depends  upon  the  relative  richness  in  cells ;  a  scirrhus 
of  the  breast,  though  undoubtedly  malignant,  grows  slowly  and 
may  never  reach  any  considerable  size.  The  slowness  of  growth 
in  the  case  of  non-malignant  tumours  is  the  chief  cause  of  their 
encapsulation,  and  the  more  slowly  the  tumour  grows  the  more 
dense  its  capsule. 

(c)  The  non-malignant  tumours  do  not  recur  after  removal, 
the  malignant  tumours  tend  to  recur  locally.  These  character- 
istics obviously  depend  upon  the  question  whether  the  growth 
is  circumscribed  or  not,  for  local  recurrence  after  removal  simply 
means  that  a  portion  of  the  growth  has  been  left  behind. 
Complete  removal  of  a  non-malignant  fibro-adenoma  of  the 
breast  is  easily  possible,  whereas  a  malignant  growth  in  the 
same  gland  extends  far  beyond  the  obvious  limits. 

(d)  Non-malignant  growths  are  usually  single,  malignant 
growths  usually  multiple.  This  depends  upon  the  fact  that 
malignant  growths  form  metastases.  Nevertheless,  here  again 
we  meet  with  exceptions  ;  cutaneous  fibromata,  exostoses,  uterine 
fibro-myomata  are  non-malignant  growths  and  yet  they  are 
frequently — even  generally — multiple,  whereas  "  rodent  cancer  " 
is  only  locally  malignant  and  therefore  is  single,  and  the  myeloid 
sarcomata  but  rarely  form  secondary  growths.  When  non-malig- 
nant tumours  are  multiple,  they  only  involve  one  system  of 
tissue ;  thus  in  the  examples  given  above  they  affect  true  skin, 
bone,  uterine  muscle  respectively ;  this  is  not  the  case  with  the 
malignant  tumours. 

(e)  Non-malignant  tumours  do  not  endanger  life  except  by 
reason  of  their  size  and  pressure  effects,  malignant  tumours 


CHARACTERS  OF  NEW-GROWTHS. 


551 


disturb  general  health  and  ultimately  lead  to  death.  These 
characteristics  depend  upon  several  factors.  The  non-malignant 
tumour  displaces  tissues,  and  such  destruction  as  occurs  is  due  to 
a  pressure  atrophy  which  is  relatively  slow  because  growth  of 
the  tumour  is  relatively  slow.  The  malignant  tumour,  on  the 
other  hand,  by  its  relatively  rapid  growth,  leads  to  a  greater 
destruction  of  tissue  locally,  and  to  a  greater  extent  deprives 
other  tissues  of  nutriment  owing  to  the  amount  which  it  diverts 
for  its  own  use.  Important  in  this  connection  is  the  observation 
of  Brault.  He  found  that  the  amount  of  glycogen  present  in  a 
tumour  stands  in  direct  ratio  to  the  rapidity  of  its  growth,  so 
that  soft  and  cellular  tumours  are  very  rich  in  glycogen.  In  the 
case  of  a  large  tumour,  he  found  that  the  percentage  amount 
of  glycogen  far  exceeded  the  amount  present  in  the  liver  of 
animals  or  of  criminals  killed  in  full  digestion,  and  was  only 
comparable  with  the  amount  present  in  the  tissues  in  the  early 
days  of  foetal  life.  It  is  possible,  too,  that  the  metabolic  products 
of  malignant  growths  may  be  deleterious  to  the  body,  though  of 
this  we  have  at  present  no  evidence ;  reference  here  is,  of  course, 
not  made  to  absorption  of  toxic  substances  formed  during  putre- 
faction of  portions  of  the  new-growth. 

(iii.)  Histological  Characters  of  New-growths. — The 
non-malignant  tumours  are  all  composed  of  tissues  for  which 
some  counterpart  exists  in  normal  extra-uterine  life.  They  may 
be  built  up  of  elements  belonging  to  the  connective  tissues  (or 
more  accurately  of  mesoblastic  elements)  alone,  or  epithelial 
elements  may  enter  into  and  form  a  fundamental  portion  of 
their  constitution.  Thus  we  may  have  a  tumour  formed  of 
fibrous  tissue  (fibroma),  of  cartilage  (chondroma,  enchondroma), 
of  bone  (osteoma,  exostosis),  of  fibrous  tissue  containing  fat 
(lipoma),  of  mucoid  tissue  similar  to  the  Whartonian  jelly  of  the 
umbilical  cord  (myxoma),  of  blood-vessels  (angeioma),  of  lympha- 
tics (lymphangeioma),  of  neuroglia  (glioma).  We  may  have  a 
tumour  formed  of  unstriped  muscle  fibres  (leiomyoma ),  or  of 
striated  muscle  fibre  (rhabdomyoma),  of   nerves  (neuroma1). 

1  Most  neuromata  are  falsely  so-called,  being  really  nothing  but  fibromata 
involving  nerve  trunks  ;  in  rare  instances  true  neuromata  are  found.    The  best 
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From  all  of  these  epithelial  elements  are  absent.  Then  we  may 
have  tumours  mainly  consisting  of  heaped-up,  hardened  and  altered 
epidermal  cells  (keratoma,  cutaneous  horns),  or  tumours  into  the 
composition  of  which  fibrous  tissue  and  epithelial  cells  enter. 
Here  the  epithelium  may  be  squamous  (cutaneous  papilloma  or 
wart),  columnar  (as  in  rectal  and  other  intestinal  polypi),  or 
spheroidal  (adenoma).  In  all  these  cases  the  constituent  elements 
resemble  more  or  less  closely  the  same  elements  in  the  normal 
extra-uterine  body. 

The  malignant  tumours,  on  the  other  hand,  are  composed  of 
cells  for  which  the  counterpart  exists  in  embryonic  life  alone. 
Here  again  they  may  be  built  up  of  elements  belonging  to  the 
connective  tissue  group  (sarcoma,  endothelioma),  or  may  be 
composed  mainly,  though  not  entirely,  of  epithelium  (carcinoma, 
true  cancers). 

Sarcomata  are  described,  according  to  the  shape  of  the  cells 
composing  them,  as  large  or  small  round-cell  sarcomata,  large  or 
small  spindle-cell  sarcomata,  oat-cell  sarcoma,  mixed-cell  sarcoma. 
Sarcomata,  in  which  giant-cells  are  present,  are  known  as 
myeloid  sarcomata,  those  in  which  the  constituent  cells  or  some 
of  them  contain  pigment  are  known  as  melanotic  sarcomata. 
Cwteris  paribus,  the  smaller  the  cell,  the  more  malignant  the 
growth,  and  vice  versa.  Exception,  however,  must  always  be 
made  of  the  melanotic  sarcoma,  for  whether  composed  of  large 
or  of  small  cells,  its  malignancy  is  intense,  owing  to  the  rapidity 
with  which  secondary  growths  occur  in  this  variety;  locally 
they  are  far  less  malignant  than  many  other  varieties  of  sarcoma. 
Since  a  sarcoma  cell  is  essentially  a  cell  belonging  to  the 
connective  tissue  group,  it  forms  or  tends  to  form  a  tissue  which 
shall  lie  between  the  individual  cells,  whether  that  be  fibrous 
tissue,  cartilage,  or  bone.  This  constitutes  an  essential  difference 
between  the  sarcomata  and  the  carcinomata ;  for  in  the  carcino- 
mata  no  intervening  substance  is  present  between  the  constituent 
epithelial  cells.  In  this  respect  endotheliomata  hold  a  unique 
position,  for  though  they  are  generally  classed  with  the  sarcomata 

examples  of  true  neuromata  occur  in  the  bulbous  enlargements  of  nerves  seen  in 
an  amputation  stump. 
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in  accordance  with  the  belief  that  they  are  of  mesoblastic  origin , 
they  show  no  inter-cellular  substance,  and  therefore  resemble,  in 
this  point,  the  carcinomata. 

Carcinomata  are  described  according  to  the  character  of  the 
epithelial  cells  of  which  they  are  composed.  Thus  we  meet  with 
squamous  cell  carcinoma  or  epithelioma,  columnar  cell  carcinoma 
or  epithelioma,  spheroidal  cell  carcinoma  or  malignant  adenoma. 
According  to  the  primary  seat  of  the  carcinoma,  so  will  be  the 
nature  of  the  epithelium  of  which  it  is  composed ;  a  carcinoma 
of  the  lip  or  anus  is  squamous  cell  epithelioma,  of  the  intestine 
is  columnar  cell  epithelioma,  of  the  breast  (if  it  involves  the  true 
gland  substance)  is  spheroidal  cell  carcinoma. 

The  new-growths  show  many  intermediate  forms.  Thus  a 
leiomyoma  is  never  composed  of  unstriped  muscle  fibres  alone, 
a  certain  amount  of  fibrous  tissue  is  always  present,  and  in  some 
cases  it  may  preponderate  to  so  great  an  extent,  that  the  clinical 
term  "uterine  fibroid"  is  amply  justified.  Intermediate  forms 
are  known  as  fibro-myomata.  So,  too,  we  have  fibro-adenoma, 
lipo-myxoma,  myxo-chondroma,  fibro-myxo-chondro-adenoma 
(parotidean  tumour),  etc. ;  indeed  it  is  far  more  common  to  meet 
with  compound  forms  than  with  simple  forms  of  tumour.  We 
shall  not  enter  into  the  vexed  question  whether  tumours  exist 
midway  between  the  sarcomata  and  carcinomata  ("  sarcoma 
carcinomatodes"  ''carcinoma  sarcomatodes"). 

When  a  non-malignant  tumour  becomes  malignant,  it 
maintains  its  essential  type.  Thus  a  fibroma  becomes  sarco- 
matous not  carcinomatous,  a  papilloma  becomes  carcinomatous 
not  sarcomatous,  a  non-malignant  adenoma  of  the  breast  becomes 
a  carcinoma  of  the  breast  and  not  a  sarcoma.  This  rule  is 
strict,  and  apparent  exceptions  may  generally  be  explained. 
This  "  breeding  true  "  of  the  tumours  is  even  better  seen  in  the 
case  of  metastatic  growths ;  if  a  squamous  cell  carcinoma  forms 
secondary  growths  in  the  liver,  squamous  cells  are  found  in  the 
hepatic  nodules  and  not  spheroidal  cells ;  similarly,  if  a  columnar 
cell  carcinoma  forms  secondary  growths  in  the  liver,  columnar 
cells  are  found  in  the  hepatic  nodules.  So  also  if  a  myeloid 
sarcoma  forms  secondary  growths  in  the  heart,  giant-cells  occur 
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here  as  in  the  primary  tumour.  Nevertheless,  in  the  case  of 
sarcomata,  differences  referrible  to  the  rate  of  growth  may  be 
observed  ;  thus  the  primary  growth  may  consist  of  large  spindle 
cells,  secondary  growths  of  small  spindle,  or  even  round,  cells. 
But  when  the  primary  growth  consists  of  small  cells,  secondary 
growths  never  consist  of  large  cells,  nor  if  the  primary  growth 
consists  of  round  cells  are  secondary  growths  ever  found  to 
consist  of  spindle  cells. 

(iv.)  Nutritional  Changes  undergone  by  New-growths. 
— The  new-growths  are  very  liable  to  undergo  certain  of  the 
nutritive  changes  that  have  already  been  described  in  this 
chapter.  Thus,  the  cells  may  undergo  atrophy,  fatty  degenera- 
tion or  colloid  change,  the  stroma  may  undergo  the  mucoid 
change,  or  parts  of  the  whole  tumour  may  undergo  local  necrosis 
with  disintegration  (ulceration),  or  calcification.  These  changes 
principally  affect  the  central  portions  of  a  growth,  owing  to  its 
more  limited  blood-supply,  but  ulceration,  of  course,  implies  a 
superficial  change,  and  occurs  when  the  new-growth  has  involved 
either  the  skin  or  a  mucous  membrane. 

Atrophy  of  cells  is  well  seen  in  the  case  of  a  hard  cancer  of 
the  breast  (scirrhus).  The  fibrous  tissue  which  surrounds  the 
masses  of  (cancerous)  epithelial  cells,  increases  in  density, 
contracts,  and  causes  pressure  atrophy  of  the  cells,  with  the 
result  that,  however  cellular  the  peripheral  portions  of  such  a 
cancer  may  be,  and  however  cellular  the  central  portion  may 
originally  have  been,  the  central  portion  ultimately  comes  to 
consist  of  little  more  than  dense  fibrous  tissue.  The  colloid 
change  is  chiefly  seen  in  carcinoma  of  the  stomach  and  the 
peritoneum;  as  a  rule  the  change  occurs  so  rapidly  that  it  is 
present  in  the  peripheral  portions  of  the  tumour  as  well  as  in 
the  central  portions.  The  colloid  change  being  one  that  affects 
epithelium  it  is  of  course  absent  from  the  sarcomata,  in  this 
respect  differing  from  the  mucoid  change  which  affects  connective 
tissues  and  their  cells,  and  which  therefore  is  especially  liable  to 
occur  in  sarcomata.  Calcification  occurs  principally  in  hard 
fibromata,  and  especially  in  fibro-myomata  of  the  uterus ;  so 
great  an  amount  of  the  calcium  salts  may  be  deposited  in  a 
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uterine  fibroid  that  it  is  quite  impossible  to  cut  it  with  a  knife. 
An  important  change  of  a  different  kind,  but  one  that  may 
be  mentioned  here,  is  that  brought  about  by  haemorrhage.  In 
any  rapidly  growing  tumour,  but  especially  in  the  soft 
sarcomata  owing  to  the  embryonic  characters  of  their  blood- 
vessels, haemorrhage  may  occur.  As  a  result  the  tumour  may 
be  converted  into  a  fluctuating  swelling  which  at  times  it  is 
impossible  to  distinguish  macro scopically  from  a  true  hema- 
toma or  blood-cyst. 

This  brief  exposition  of  the  characters  of  new-growths  must 
suffice.  "We  must  now  turn  to  their  pathogenesis  and  shall  at 
once  note  a  difference.  For  whereas  much  is  known  concerning 
the  pathological  anatomy  and  the  clinical  characters  of  the 
new-growths,  nothing  is  known  with  certainty  concerning 
their  pathogenesis.  At  present  we  are  obliged  to  content 
ourselves  with  theories. 

(v.)  Pathogenesis  of  the  New-growths. — Leaving  on  one 
side  theories  which  referred  the  aetiology  of  tumours  to  such 
vague  conditions  as  morbid  states  of  the  blood,  etc.,  we  have 
to  consider  six  distinct  hypotheses  that  have  been  put  forward 
to  explain  the  pathogenesis  of  new-growths.  They  may  be 
shortly  described  by  the  following  titles : — 

1.  The  theory  of  spermatic  influence. 

2.  The  theory  of  traumatic  causation  or  causation  by 

mechanical  irritants. 

3.  The  theory  of  embryonic  remnants  (Cohnheim). 

4.  The  parasitic  or  infective  theory. 

5.  The  theory  of  anaplasia  (Hansemann). 

6.  The  theory  of  growth-liberation  (Kibbert). 

(1)  Theory  of  Spermatic  Influence. — By  this  theory  it  was 
assumed  that  the  normal  tissue  of  a  part  in  which  a  growth 
occurs  has  become  directly  converted  into  the  tissue  of  the 
tumour.  Here  we  have  an  extension  of  the  process  known  as 
"  metaplasia "  or  conversion  of  one  kind  of  cell  into  another. 
But  the  extension  is  unwarrantable.  It  is  true  that  cells  of 
a  columnar  epithelium  may,  if  exposed  to  irritation,  take  on 
characters  very  similar  to  those  of  squamous  cells ;  this  occurs, 
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for  example,  when  the  uterus  becomes  inverted  and  prolapsed 
into  the  vagina.  It  is  true  that  cartilage  or  fibrous  tissue  may 
become  converted,  on  the  one  hand,  into  mucoid  tissue,  or,  on 
the  other  hand,  into  a  tissue  more  or  less  closely  resembling 
true  bone.  But  these  are  the  limits  of  metaplasia,  and  there 
is  not  the  slightest  evidence  that  an  epithelial  cell,  for  example, 
can  become  converted  into  a  connective  tissue  cell,  or  a  con- 
nective tissue  cell  into  an  epithelial  cell.  In  fact  there  is  the 
strongest  evidence  to  the  contrary. 

But  even  if  we  were  able  to  grant  this  proposition,  we  should 
only  thus  be  able  to  explain  the  extension  of  a  new-growth ; 
we  should  still  be  ignorant  as  to  the  origin  of  the  first  cells 
which  exerted  the  spermatic  influence.  Here  the  theory  of 
spermatic  influence  leaves  us  helpless. 

(2)  Theory  of  Traumatic  Causation  or  Causation  by  Mechanical 
Irritation. — This  theory  is  highly  important;  to  it  Virchow 
gives  the  greatest  measure  of  his  support.  It  makes  use  of  the 
fact  that  new-growths  are  known  to  supervene  in  parts  which 
have  previously  been  subjected  to  injury  or  chronic  irritation. 
The  observations  upon  which  it  is  founded  may  be  illustrated  by 
the  following  examples.  Chronic  irritation  occurring  in  healing 
of  a  wound  by  second  intention  may  lead  to  the  appearance  of 
multiple  fibromata ;  neuromata  are  commonly  seen  on  the  ends  of 
nerves  involved  in  an  amputation  stump ;  chimney-sweeps  some- 
times suffer  from  scrotal  cancer  owing  to  chronic  irritation  of  the 
parts  about  the  groin  by  soot;  workers  with  paraffin  and  tar 
suffer  from  epithelioma  on  the  arms ;  cancer  is  liable  to  affect 
such  parts  as  the  lip  in  persons  who  habitually  smoke  clay  pipes, 
and  the  tongue,  when  it  has  been  irritated  or  lacerated  by  a 
broken  or  jagged  tooth ;  cancer  is  liable  to  affect  the  breast,  the 
oesophagus  where  it  is  crossed  by  the  bronchus,  the  cardiac  and 
pyloric  ends  of  the  stomach,  the  lower  end  of  the  rectum,  all  of 
which  are  regions  especially  liable  to  chronic  irritation. 

Cohnheim  criticised  this  theory  very  severely,  and  in  some 
respects  unjustly.  He  rightly  pointed  out  that  a  previous 
history  of  injury  can  only  be  obtained  in  about  1 4  per  cent,  of 
cases  in  which  new-growths  exist,  and  that  this  tacitly  implies  that 
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in  86  per  cent,  of  cases  no  injury  can  be  inculpated.  Moreover, 
if  cases  in  which  injury  has  been  received  were  taken  as  the 
basis  of  calculation,  the  number  in  which  that  injury  has  been 
followed  by  a  new-growth  would  form  a  much  smaller  percentage. 
His  criticisms  were  fair,  that  new-growths  are  very  uncommon 
on  the  hands  and  feet,  which  are  parts  extremely  liable  to  injury, 
and  that  in  the  case  of  the  breast,  the  nipple,  which  is  much 
exposed  to  injury,  is  a  rare  seat  of  new-growth,  whereas  the  gland 
itself,  which  is  less  exposed  to  injury,  is  frequently  affected. 
But,  on  the  other  hand,  he  can  hardly  be  held  justified  in  denying, 
as  he  does,  that  neuromata  after  amputation,  that  scrotal  cancer 
and  the  epithelioma  of  workers  in  paraffin  and  tar,  that  the 
epithelioma  which  develops  sometimes  at  the  base  and  out  of 
a  chronic  ulcer,  are  true  tumours,  and  in  brushing  aside  the 
undoubted  support  which  they  give  to  the  theory  of  mechanical 
irritation. 

Nevertheless,  it  must  not  be  forgotten  that  local  traumatism 
and  mechanical  irritation  may  not  be  ^etiological  factors,  but 
powerful  adjuvant  factors.  This  is  the  view  which  is  generally 
held  at  the  present  day. 

(3)  Theory  of  Embryonic  Remnants. — There  is  no  more 
fascinating  chapter  in  Cohnheim's  Lectures  on  General  Path- 
ology than  that  in  which  he  unfolds  his  doctrine  of  embryonic 
remnants  for  the  explanation  of  new-growths.  Cohnheim 
assumed  that,  "  in  an  early  stage  of  embryonic  development, 
more  cells  are  produced  than  are  required  for  building  up  the 
part  concerned,  so  that  there  remains  unappropriated  a  quantity 
of  cells — it  may  be  very  few  in  number — which,  owing  to  their 
embryonic  character,  are  endowed  with  a  marked  capacity  for 
proliferation."  By  this  assumption  he  explained  the  hereditary 
transmission  of  new-growths,  the  congenital  appearance  or 
appearance  in  the  first  years  of  life  of  some  kinds  of  tumour,  the 
atypical  structure  of  new-growths,  their  absence  of  function, 
their  persistence,  the  seats  at  which  many  of  them  are  found. 
He  explained  thereby  the  fact  that  tumours  may  consist  of  any 
kind  of  tissue,  in  any  degree  of  complexity.  For  according  to 
the  earliness  or  lateness  in  embryonic  life  at  which  the  "  remnant " 
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was  formed,  and  according  to  its  complexity,  so  the  resulting 
tumour  will  be  less  differentiated  or  more  differentiated,  will 
more  resemble  embryonic  or  post- embryonic  tissue  in  its 
structure,  will  possess  a  greater  or  a  less  tendency  to  rapid 
proliferation  of  cells. 

Assuming  the  validity  of  his  hypothesis  that  embryonic 
remnants  exist,  Cohnheim  found  no  difficulty  in  understanding 
that,  in  most  instances,  they  do  not  take  on  growth,  i.e.,  tumours 
do  not  form,  till  a  later  period  in  life.  For  he  pointed  out  that 
in  the  generative  organs,  though  the  capacity  for  growth  must  be 
present  in  the  cells,  growth  lags  behind  general  growth  of  the 
body  until  it  bursts  forth  at  puberty.  In  the  uterus  particularly, 
the  inherent  capacity  for  growth  may  lie  dormant  during  the 
whole  period  of  sexual  life,  if  the  physiological  stimulus  of  an 
impregnated  ovum  be  not  given,  and  yet  the  capacity  for  rapid 
growth  resides  in  the  cells  none  the  less. 

Given  the  existence  of  an  embryonic  remnant,  some  stimulus 
is  necessary  for  the  occurrence  of  cell  proliferation.  Here 
Cohnheim  allowed  that  trauma  or  mechanical  irritation  may 
play  a  part  in  the  causation  of  tumours  by  leading  to  that 
adequate  blood-supply  which  is  always  necessary  to  growth.  The 
dependence  of  growth  in  these  embryonic  remnants  upon  adequate 
blood-supply  Cohnheim  illustrated  by  the  tendency  of  a  tumour 
to  take  on  sudden  and  rapid  growth  when  the  tissue  in  which  it 
lies  is  supplied  with  an  increased  amount  of  blood  for  some 
physiological  end.  Thus,  he  alluded  to  the  rapid  growth  of 
ovarian,  uterine  and  mammary  tumours  during  pregnancy,  and 
to  the  frequent  occurrence  of  exostoses  during  childhood  when 
the  bones  are  rapidly  growing. 

Cohnheim  claimed  an  especial  support  for  his  theory,  from  the 
seats  at  which  epithelial  tumours  (carcinomata)  are  liable  to  be 
found.  He  pointed  out  that  they  evince  a  special  disposition  to 
attack  "  the  orifices  of  the  body,  the  lips  and  tongue,  alse  nasi 
and  eyelids,  the  prepuce  and  glans  penis,  and  the  rectum;  in 
addition  the  external  os  uteri  is  very  frequently  the  seat  of  a 
cancerous  tumour,  while  that  portion  of  the  oesophagus  crossed 
by  the  bronchus  is  more  liable  to  cancroid  than  are  its  other 
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parts."  These  facts,  which  Virchow  explained  on  the  theory  of 
mechanical  irritation,  Cohnheim  claimed  as  supporting  his  theory, 
for  "the  above-named  localities  are  most  of  them  the  seat,  at 
some  stage  or  other  of  embryonic  development,  of  a  certain 
complication.  There  occurs  at  the  various  orifices  either  a 
prolongation  of  the  epiblast  inwards  or  a  conjunction  between 
it  and  another  epithelial  tube  or  the  like ;  and  during  this 
process  some  slight  irregularity  may,  I  think,  easily  happen 
which  would  give  rise  to  a  group  of  superfluous  epithelial  cells — 
that  is,  to  the  rudiment  of  a  tumour."  The  peculiar  localisation 
of  epithelioma  in  the  oesophagus  he  ascribed  to  the  fact  that 
"  the  oesophagus  and  bronchus  were  originally  here  united,  so  as 
to  give  rise  to  a  developmental  complication."  Cancer  of  the 
rectum,  he  pointed  out,  develops  not  at  the  anus  itself  but  higher 
up,  where  "  the  epithelial  tube  formed  by  the  hinder  portion  of 
the  gut  unites  with  the  anal  invagination  of  the  epiblast."  In 
the  case  of  the  female  generative  organs,  it  is  not  the  vulva 
which  is  most  exposed  to  injury,  that  is  the  favourite  seat  of 
cancer,  but  the  region  in  which  "  the  pavement  epithelium  of  the 
sinus  urogenitalis  coalesces  with  the  cylindrical  epithelium  of 
Miiller's  ducts,  viz.,  the  orificium  externum  uteri."  So  also  he 
ascribed  the  extreme  frequency  with  which  cancer  affects  the 
cardiac  and  pyloric  ends  of  the  stomach  to  "  embryological  com- 
plications, the  occurrence  of  which  is  sufficiently  indicated  by  the 
alteration  of  the  epithelium  at  the  cardia,  at  the  pylorus,  and  at 
the  junction  of  the  portio  pylorica  with  the  fundus." 

Now  there  have  been  raised  four  principal  objections  to 
Cohnheim's  theory.  The  first  objection  is  that  primary  growths 
are  extremely  rare  in  many  regions,  such  as  the  nervous  system, 
heart,  kidney,  the  embryological  development  of  which  is  highly 
complicated.  This  criticism  is  as  just  as  was  Cohnheim's  criticism 
of  the  traumatic  theory  that  a  history  of  previous  injury  fails  in 
86  per  cent,  of  cases.  The  second  objection  is  that  epithelial 
remnants  are  often  found  in  the  form  of  "  epithelial  pearls "  in 
the  tonsils  and  neighbouring  parts  in  healthy  individuals,  and  yet 
these  parts  are  but  rarely  the  seat  of  carcinoma.  The  validity 
of  this  criticism  is  not  fully  done  away  with,  even  though  it  be 
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recognised  that  Cohnheim  expressly  implies  that,  for  the  develop- 
ment of  a  tumour  from  an  embryonic  remnant,  it  is  necessary 
that  the  physiological  capacity  for  resistance  of  the  surrounding 
tissues  should  be  reduced.  The  third  objection  is  that  Cohnheim 
separates  from  the  true  tumours  epithelial  growths  such  as  are 
sometimes  seen  in  ulcers  or  on  scars.  Neither  histologically  nor 
clinically  can  an  epithelioma  in  one  of  these  situations  be 
distinguished  from  cases  of  epithelioma  in  which  Cohnheim  would 
have  allowed  the  existence  of  embryonic  remnants.  His  separa- 
tion of  neuromata  and  fibromata  formed  in  the  neighbourhood 
of  an  amputation  joint  from  the  true  tumours  comes  into  the 
same  category.  The  fourth  objection  is  that  Cohnheim  forced 
the  teratomata  and  many  of  the  cysts  into  an  unnatural 
position  in  order  to  strengthen  his  hypothesis.  These  growths 
cannot  fairly  be  included  amongst  the  true  tumours. 

But  in  spite  of  these  objections  to  the  theory  of  embryonic 
remnants  as  an  exclusive  theory,  it  may  fairly  be  accepted  as 
an  explanation  of  some  kinds  of  tumour.  The  chief  of  these 
are  enchondromata  arising  from  aberrant  groups  of  cartilage 
cells  in  ossified  bone,  tumours  of  parotid  gland  and  testis,  which 
also  contain  cartilage,  adenomata  arising  from  the  postanal 
gut,  melanotic  sarcomata  arising  from  congenital  pigmented 
moles,  rhabdomyoma  of  the  kidney,  and  some  others.  In  the 
case  of  dermoid  cysts  it  is  a  highly  satisfactory  explanation,  and 
the  same  is  true,  as  we  shall  see,  of  many  other  kinds  of  cysts. 

(4)  The  Parasitic  or  Infective  Theory. — In  a  general  form 
this  theory  was  put  forward  many  years  before  the  modern 
view  of  infectivity  was  adopted.  Hence,  originally,  the  theory 
was  not  bound  up  with  the  idea  of  a  microbial  origin  for 
any  of  the  tumours.  But  recently  it  has  assumed  a  great  im- 
portance, owing  to  the  fact  that  certain  authors  have  brought 
forward  evidence  which  they  maintain  points  to  microbial 
origins  for  carcinoma  and  sarcoma. 

This  theory  is  really  concerned  only  with  a  portion  of  the  new- 
growths,  viz.,  those  which  form  metastases ;  it  therefore  aims 
essentially  at  an  explanation  of  the  carcinomata  and  sarcomata. 
The  basis  of  its  adoption  is  the  close  similarity  between  the 
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clinical  characters  of  a  case  of  malignant  new-growth  and  a 
case  of  a  certainly  infective  disease  such  as  tuberculosis.  Thus 
a  local  tuberculosis  at  the  apex  of  one  lung  leads  to  secondary 
infection  of  the  nearest  (bronchial)  lymphatic  glands  by  way 
of  the  lymphatics,  which  may  themselves  show  tubercular 
nodules,  and  if  material  from  the  primary,  or  one  of  the 
secondary,  foci  gains  entrance  to  the  blood-vessels  and  is 
carried  away  in  the  circulation,  it  leads,  by  the  production  of 
minute  embolisms,  to  a  generalised  miliary  tuberculosis.  In 
the  case  of  carcinoma  there  is  also  a  local  primary  focus,  the 
nearest  lymphatic  glands  also  become  involved  early,  the 
lymphatics  running  from  the  primary  focus  to  these  glands 
may  present  chains  of  cancerous  nodules,  and  a  generalised 
carcinomatosis  may  occur.  Carcinoma  travels  principally  by 
lymphatics,  sarcoma  is  disseminated  by  the  blood-stream,  hence 
generalised  sarcomatosis  is  more  common  than  generalised 
carcinomatosis  ;  but  that  carcinoma  may  also  travel  by  the 
blood-stream  is  shown  by  the  fact  that,  when  the  stomach  or 
intestine  is  the  seat  of  cancer,  the  liver  is  always  found  to  be 
secondarily  involved. 

Another  point  of  resemblance  exists  in  the  histological 
similarity  of  many  sarcomata  to  "  inflammatory  tissue "  and 
particularly  to  granulation  tissue.  Every  pathologist  can  point 
to  many  specimens  in  which  diagnosis  between  the  two  kinds 
of  tissue  from  microscopical  sections  alone  is  impossible.  That 
this  should  be  so  is  not  surprising,  for  a  sarcoma  is  embryonic 
connective  tissue,  and  granulation  tissue  is  nothing  more,  apart 
from  its  inherent  tendency  to  become  fully  formed  fibrous  tissue, 
a  property  which  is  absent  from  the  sarcoma. 

But  there  are  two  important  points  of  difference  between  the 
malignant  new-growths  and  a  certainly  infective  disease  such 
as  tuberculosis. 

In  the  first  place,  tuberculosis  can  readily  be  conveyed  from 
animal  to  animal  though  of  a  different  species,  but  transmission 
of  new-growths  from  man  to  lower  animals  has  never  been 
observed  with  certainty,  and  in  the  few  instances  of  transmis- 
sion in  the  lower  animals  that  have  been  recorded,  success  has 
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only  attended  inoculation  of  material  from  one  member  to 
another  of  the  same  species.  In  man,  examples  of  carcino- 
matous auto-inoculation  are  common.  In  a  case  of  uterine 
cancer,  if  the  lower  end  of  the  great  omentum  reach  down  to 
the  uterus,  it  will  show  nodules  of  cancer  on  its  lower  margin  ; 
auto-inoculation  of  cancer  from  one  labium  to  the  other,  from 
the  stomach  to  the  colon,  from  the  peritoneal  surface  of  one 
portion  of  bowel  to  another,  is  frequently  met  with.  But  facts 
such  as  these  do  not  prove  that  cancer  is  an  infective  disease,  for 
they  are  quite  comparable  with  the  phenomena  seen  in  "  grafts  " 
of  epithelium,  a  case  in  which  infectivity  is  out  of  the  question. 

The  best  examples  of  transmission  from  animal  to  animal  are 
those  recorded  by  Hanau  and  by  Moran.  Hanau  successfully 
engrafted  squamous  cell  carcinoma  from  the  vulva  of  a  rat  into 
the  peritoneal  cavity  of  other  rats.  In  one  case,  where  death 
ensued  after  three  months,  the  abdominal  cavity  was  filled  with 
nodules  which  presented  the  typical  appearance  of  squamous  cell 
carcinoma.  Moran  succeeded  in  transmitting  an  adenomatous 
growth  from  one  white  mouse  to  numerous  other  white  mice. 
The  primary  tumour  was  found  accidentally  in  the  axilla  of  the 
first  mouse,  was  removed  aseptically,  minced  and  injected  sub- 
cutaneously  into  descendants  of  this  mouse  and  into  other  mice. 
After  a  lapse  of  three  months,  and  especially  in  descendants  of 
the  first  mouse,  tumours  of  purely  epithelial,  often  papillary, 
structure  showed  themselves.  These  tumours  grew  to  a  large 
size,  caused  metastases,  and  produced  death  with  considerable 
wasting.  Inoculation  of  the  substance  into  other  species  of 
animal,  however,  gave  negative  results. 

In  the  case  of  sarcoma,  the  matter  is  even  more  difficult, 
owing  to  the  similarity  between  sarcoma  tissue  and  inflam- 
matory tissue;  hence  it  is  doubtful  whether  the  peculiar 
growths  seen  on  the  generative  organs  of  bull-dogs  and  bull- 
bitches,  which  are  transmitted  from  male  to  female  and  female 
to  male,  are  sarcomata,  or  only  special  forms  of  granulation 
tissue.1     Macroscopically,   they  present   considerable  resem- 

1  On  this  point  see  a  paper  by  Washbouen,  Journ.  of  Path,  and  Bad.,  Jan. 
1898. 
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blances  to  the  sarcomata,  and  microscopically,  the  two  cases 
that  I  have  examined  have  been  indistinguishable  from  round- 
cell  sarcomata ;  but  on  the  other  hand,  an  absence  of  metastases 
argued  strongly  against  the  view  that  they  were  true  sarcomata. 

In  the  second  place,  the  constitutions  of  the  primary  and  the 
metastatic  growths  are  different  in  the  cases  of  such  a  certainly 
infective  disease  as  tuberculosis  and  the  new-growths.  For 
though  the  secondary  tubercular  nodule  resembles  the  primary 
nodule  in  all  its  essential  respects,  and  the  secondary  cancerous 
or  sarcomatous  nodule  resembles  the  primary  focus  in  the  same 
way,  the  constitution  of  those  nodules,  whether  primary  or 
secondary,  is  fundamentally  different  in  the  two  diseases. 

This  is  best  seen  if  we  compare  tuberculosis  with  carcinoma 
of  a  highly  distinctive  kind,  say,  squamous  cell  epithelioma.  If 
we  inject  a  culture  of  B.  tuberculosis  into  the  circulation  of  an 
animal,  and  the  experiment  is  successful,  we  find  that  tuber- 
cular nodules  are  formed  in  the  liver  and  elsewhere.  Now  the 
bacillus  has  led  to  the  formation  of  the  tubercle  from  the 
tissues  which  immediately  surround  it ;  the  giant-cell,  the 
epithelioid  cells,  the  lymphoid  cells,  are  derived  from  the  pre- 
existing tissues  of  the  part  (connective  tissue)  or  from  wander- 
ing cells  conveyed  thither  by  the  blood.  That  is  to  say,  the 
tubercular  nodule  is  essentially  a  modification  of  the  normal 
tissue  induced  by  the  tubercle  bacillus.  But  the  case  of 
squamous  cell  epithelioma  is  different,  for  here  it  is  not  a  modi- 
fication of  the  normal  tissue  which  leads  to  the  production  of 
a  nodule  in  the  liver,  but  actual  growth  in  situ  of  squamous 
epithelium  itself.  This  is  proved  conclusively  by  the  existence 
of  numerous  "  epithelial  pearls,"  for  it  is  inconceivable  that  any 
constituent  of  the  liver  should  actually  become  converted  into 
squamous  epithelium.  A  strict  analogy  to  this  condition  is. 
only  seen  in  the  case  of  tuberculosis  in  multiplication  of  the 
bacilli  themselves  in  a  metastasis,  and  that  quite  apart  from 
the  changes  which  the  bacilli  induce  in  the  surrounding  tissues. 
Exactly  the  same  difference  obtains  if  we  compare  tuberculosis 
with  such  a  form  of  sarcoma  as  the  chondro-sarcoma,  for  the 
metastases  in  the  latter  case,  wherever  they  are  situated,  con- 
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tain  cartilage.  In  a  word,  secondary  nodules  in  tuberculosis 
are  similar  to  the  primary  nodule,  because  of  the  similarity  in 
structure  of  the  tissues  in  which  the  irritant  is  placed,  the 
secondary  nodules  in  carcinoma  and  sarcoma  are  identical  in 
structure  with  the  primary  growth  because,  strictly  speaking, 
they  are  parts  of  the  primary  growth.  We  shall  return  to  this 
point  later. 

Now,  impressed  with  the  similarities  between  the  clinical 
histories  of  the  malignant  new-growths  and  many  of  the  in- 
fective diseases,  numbers  of  investigators  have  endeavoured  to 
find  an  infective  agent  or  infective  agents  for  the  carcinomata 
and  the  sarcomata.1  In  this  respect  more  attention  has  been 
given  to  the  carcinomata  than  to  the  sarcomata,  because  of 
certain  microscopic  appearances  often  presented  by  cells  of  the 
former  class  of  growth.  It  will  suffice  here  to  state  that  those 
authors  who  maintain  the  infective  nature  of  cancer  find,  in  the 
microscopic  appearances  alluded  to,  evidence  of  an  animal 
parasite — a  protozoon.2    This  conclusion  is,  however,  denied  by, 

1  It  is  impossible  to  refer  here  to  all  these  researches.  Those  who  are  especially 
interested  in  the  subject  will  find  an  exhaustive  summary  by  Stroebe  (Centralbl. 
f.  Allg.  Path.,  etc.,  vol.  v.,  1894,  pp.  11,  60,  107),  and  critical  discussions  of 
the  whole  question  of  "  cancer  parasites "  in  Klein's  Micro-organisms  and 
Disease,  p.  509  et  seq.,  and  in  the  article  by  Shattock  and  Ballance  in  Allbutt's 
System  of  Medicine,  vol.  i.  p.  206  et  seq. 

2  Rufl'er  has  reduced  the  hypothetical  cancer  parasite  to  a  very  few  definite 
forms  with  which  Shattock  and  Ballance  agree.  As  seen  in  the  protoplasm  of 
the  epithelial  cells  of  the  growing  edge,  say,  of  a  mammary  scirrhus,  the  fully - 
grown  parasite  consists  essentially,  according  to  Rtiffer, 

(1)  Of  a  central  round,  oval,  or  slightly  irregular  nucleus,  sometimes  connected 
by  fine  delicate  rays  with  the  periphery. 

(2)  Of  a  variable  amount  of  surrounding  protoplasm,  almost,  if  not  quite, 
filling  a  capsule  (now  and  then  the  protoplasm  exhibits  a  series  of  peripheral 
granules). 

(3)  Of  a  doubly  contoured  capsule  confining  the  whole. 

Klein  cannot  accept  these  appearances  as  certainly  indicating  the  presence  of  a 
parasite.  Though  he  holds  an  open  mind,  he  has  himself  seen  on  one  occasion 
bodies  like  those  described  by  Korotnetf  under  the  name  of  Bophalocephalus  car- 
cinomatosus.  Korotneff  (whose  observations  have  been  confirmed  by  Kurloff) 
described  a  pedunculated  and  band-like  protoplasmic  mass  consisting  of  a  spher- 
oidal "  head,"  and  directly  continued  from  it  a  band-like  longer  or  shorter  proto- 
plasmic mass.  The  whole  is  without  a  sheath,  and  is  situated  partly  within, 
partly  without  the  epithelial  cells  of  the  cancer  ;  the  band-like  stalk  is  several 
times  the  diameter  of  the  individual  epithelial  cells.  Their  appearance  is  there- 
fore quite  unlike  that  of  epithelial  or  other  cells  in  a  cancer.  Korotneff  has  found 
these  bodies  in  a  variety  of  cancers,  and  he,  Kurloff,  and  Klein  all  agree  that 
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perhaps,  a  larger  number  of  investigators,  who  maintain  that 
the  microscopic  appearances  in  question  are  due  to  agglomera- 
tions of  chromatin,  to  vacuolated  epithelial  cells  containing 
leucocytes,  to  cell  invaginations,  to  degenerated  epithelial  cells 
or  leucocytes,  in  fact  to  almost  any  condition  excepting  that  of 
a  protozoon.  In  the  case  of  sarcomata,  animal  parasites  are  not 
inculpated,  but  Sanfelice,  Eoncali,  Aievoli,  Curtis,  and  others 
have  found  that  they  were  able  to  cultivate  torulae  from  sarco- 
mata in  man,  which,  on  injection  into  animals,  were  patho- 
genetic, and  produced  swellings  in  many  respects  similar  to  the 
sarcomata.  Whether  these  swellings  were  really  sarcomata  it 
is  impossible  to  say,  but  it  seems  more  probable  that  they  con- 
sisted of  granulation  tissue  and  were  therefore  inflammatory. 
Busse  has  described  a  torula  which  has  pathogenetic  properties 
and  causes  inflammatory  foci,  but  the  Italian  authors  deny  that 
Busse  and  they  are  referring  to  the  same  micro-organism. 

The  parasitic  theory  of  the  new-growths  is  really  an  extension 
of  the  theory  which  ascribes  tumour-formation  to  the  action  of 
an  irritant,  for,  as  we  have  already  seen,  no  line  can  be  drawn 
between  the  effects  of  an  organised  and  a  physical  irritant. 
Nor  can  we  draw  a  hard  and  fast  line  between  inflammation 
and  its  sequels  on  the  one  hand,  and  tumour-formation  on  the 
other,  especially  as  a  chronic  ulcer  or  scar- tissue  may  subse- 
quently become  the  seat  of  a  true  tumour.    Hence  there  is  no 
inherent  improbability  that  the  new-growths,  or  rather  the 
malignant  new-growths,  which  form  metastases  should  depend 
upon  an  organised  irritant.    Shattock  and  Ballance  go  further : 
thus  they  say,  "  in  the  matter  of  malignant  growths  more  par- 
ticularly it  {i.e.,  the  parasitic  theory)  has  much  to  recommend 
it,"1  and,  "  the  parasitic  theory  of  malignant  new-growths  is  so 
well  grounded  that  during  the  past  few  years  the  whole  of  the 
work  on  the  subject  has  been  directed  by  it." 2 

But  let  us  examine  the  grounds  of  the  parasitic  theory  a  little 
more  closely. 

they  show  differential  staining  reactions.  For  a  discussion  of  their  possible 
relation  to  carcinoma  the  reader  is  referred  to  Klein's  Micro -organisms  and 
Disease. 

1  Loc.  cit.t  p.  206.  2  Loc.  cit.}  p.  210. 
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In  the  first  place,  it  is  very  doubtful  whether  the  microscopic 
appearances  in  cancer,  to  say  nothing  of  sarcoma,  indicate  the 
presence  of  a  parasite  at  all.  Indistinguishable  appearances  can 
be  found  in  many  situations  where  there  is  no  question  of  cancer, 
and  in  the  rabbit's  liver,  where  psorospermosis  is  exceedingly 
common,  the  changes  to  which  presence  of  the  parasite  gives  rise 
are  different  from  cancer.  Unless  we  grant  the  justice  of  con- 
sidering the  microscopic  appearances  as  belonging  to  those  of 
"  cancer  parasites,"  evidence  in  favour  of  the  infective  or  parasitic 
nature  of  malignant  new-growths  is  confined  to  the  assumed 
similarity  between  carcinoma  and  sarcoma  on  the  one  hand,  and 
infective  diseases  on  the  other,  in  the  matter  of  metastases,  and 
to  the  occurrence  of  cancer  under  such  conditions  as  seem  to 
indicate  that  the  disease  clings  to  certain  houses. 

In  the  second  place,  the  similarity  between  malignant  growths 
and  such  a  disease  as  tuberculosis  with  regard  to  generalisation 
of  the  disease  is  superficial  and  not  real.  It  only  amounts  to 
evidence  that,  in  both  instances,  living  cells  may  be  carried 
from  a  local  focus  elsewhere  by  way  of  the  lymphatics  or  the 
blood.  In  particular,  it  is  no  argument  in  favour  of  a  parasitic 
cause  for  the  new-growths. 

Generalisation  of  a  disease  is  not  of  itself  an  argument  for  the 
infective  nature  of  that  disease.  When  a  solution  of  methylene 
blue  is  introduced  into  the  subcutaneous  tissue  it  is  carried 
over  the  whole  body  by  lymphatics  and  by  blood-vessels,  for  it 
shows  itself  in  the  lymph  of  the  thoracic  duct  and  in  the  urine ; 
but  this  form  of  generalisation  does  not  imply  that  the  methy- 
lene blue  is  an  infective  agent.  Nor  does  the  fact  that  when 
we  find  generalised  tuberculosis  or  carcinomatosis  or  sarcomatosis 
the  nodules  are  localised,  make  a  difference,  for  it  only  shows 
that  passage  of  the  disseminated  substance  is  obstructed  at 
certain  points.  The  important  fact  shown  by  the  metastases  in 
the  contrasted  cases  of  tubercle,  cancer,  sarcoma  is  therefore  not 
that  generalisation  occurs,  but  that  the  disseminated  substance 
(emboli)  in  each  case  contains  cells  which  are  living  and  capable 
of  independent  growth. 

But  the  metastatic  nodules  themselves  are  totally  different  in 
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the  two  contrasted  conditions.  This  is  better  seen  if  we  con- 
sider, not  tubercle  bacilli,  but  any  of  the  pyogenetic  cocci  when 
they  have  become  generalised  and  lead  to  the  formation  of 
pysemic  abscesses.  The  minute  embolus  of  cocci  carried  by  the 
lymph  or  blood-stream  to  a  distant  part,  and  so  small  that  it  may 
pass  through  all  vessels  but  the  capillaries,  leads  to  the  forma- 
tion of  a  pysemic  abscess  when  it  becomes  lodged  at  some  point, 
because  the  cocci  are  living,  capable  of  multiplication,  and 
capable  of  producing  changes  in  the  surrounding  tissues.  But 
the  metastatic  abscess  formed  in  this  way  is  not  comparable 
with  a  metastatic  nodule  of  cancer  or  sarcoma,  because  the 
secondary  nodule  of  new-growth  is  not,  like  the  abscess,  the 
result  of  changes  in  the  surrounding  tissues  produced  by  a  living 
and  multiplying  factor,  but  is  the  living  and  multiplying  factor 
itself.  The  nodule  of  new-growth  may  and  does  lead  to  changes 
in  the  surrounding  tissues,  and  unless  these  are  included  in  the 
conception  of  a  cancerous  or  sarcomatous  metastasis,  a  com- 
parison between  infective  diseases  and  malignant  new-growths 
on  this  point  is  not  justifiable.  Now,  if  we  fill  up  this  lacuna 
in  the  general  acceptation  of  the  term  "  metastasis "  as  applied 
to  the  new-growths,  support  for  the  parasitic  theory  derived 
from  the  occurrence  of  metastases  falls  to  the  ground.  For  then 
the  tubercular  or  the  pyogenetic  microbes  bear  the  same  relation 
to  the  tubercular  nodule  or  the  pysemic  abscess  as  the  whole 
cancerous  or  sarcomatous  metastatic  growth  bears  to  the  ignored 
changes  in  "the  surrounding  tissues.  Hence  it  is  no  more  just, 
from  the  mistaken  analogy  of  metastases,  to  argue  that  the 
multiplication  of  epithelial  cells  in  cancer  or  of  connective 
tissue  cells  in  sarcoma  is  induced  by  the  action  of  a  micro- 
organism, than  it  would  be  just  to  argue  that  the  multiplication 
of  the  tubercular  or  pyogenetic  micro-organism  is  due  to  the 
action  of  another  variety  of  micro-organism.  In  each  case  we 
have  proliferation  of  cells,  whether  cancerous  or  sarcomatous  on 
the  one  hand,  or  bacterial  on  the  other,  but  neither  case  can 
help  us  to  understand  the  essential  cause  of  multiplication  in  the 
other. 

In  the  third  place,  there  is  the  evidence  as  to  endemic  loca- 
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tion  of  malignant  new-growths,  especially  cancer.  Well-marked 
examples  of  this  evidence  are  cited  by  Shattock  and  Ballance. 
In  one  example,  within  twenty-six  years,  six  persons  died  of 
cancer  in  two  houses  that  were  under  one  roof  and  had  a 
common  drainage  and  water-supply ;  in  the  main  the  inhabitants 
of  these  houses  were  unrelated  to  one  another.  But  an  endemic 
distribution  of  cancer  can  be  seen  on  broader  lines.  Thus,  in 
England  and  Wales,  Havilland  has  come  to  the  conclusion  that 
"  the  cancer-fields  ....  are  found  in  the  sheltered  and  low- 
lying  vales  traversed  by  fully  formed  and  seasonally  flooded 
rivers,  and  composed  of  the  more  recent  argillaceous  formations ; 
and  that  the  districts  having  the  lowest  death-rates  from  this 
cause  occupy  the  more  elevated  areas  composed  of  the  oldest 
rocks,  amongst  which  the  limestone  areas  are  coincident  with  the 
very  lowest  mortality."  When  we  compare  this  distribution  with 
the  regions  in  which  malaria  is  endemic,  the  general  similarity, 
especially  as  regards  moisture  and  absence  of  natural  drainage, 
is  striking.  In  the  case  of  malaria  it  is  known  that  an  animal 
parasite  is  the  cause  of  the  disease,  and  this  suggests  that  the 
same  may  be  true  in  the  case  of  cancer.  Moreover,  it  is  in 
favour  of  the  suggested  "  cancer  parasite  "  that  it  is  animal  and 
not  vegetable,  for  the  malarial  parasites  have  not  been  grown  on 
artificial  media,1  and  attempts  to  cultivate  the  cancer  parasite 
have  been  fruitless ;  so  also  malaria  is  not  an  infective  disease 
in  the  sense  that  it  may  be  transmitted  from  individual  to 
individual,  and  the  infectivity  of  cancer,  if  it  exists  at  all,  is  of  a 
very  low  order.  This  evidence  is  certainly  of  value  ;  but  on  the 
whole,  though  we  cannot  deny  the  possibility  that  cancer  (and 
sarcoma)  may  be  diseases  of  parasitic  origin,  evidence  in  favour 
of  that  view  is  extremely  small. 

(5)  Theory  of  Anaplasia. — Hansemann's  theory  of  anaplasia 
is  based  on  the  assumption  that  the  cells  of  a  normal  tissue,  as 
they  become  more  differentiated,  progressively  lose  their  capacity 
for  growth,  but  regain  it,  and  thereby  lead  to  the  formation  of  a 
tumour,  if  in  course  of  time  the  cells  revert  towards  an  in- 
different stage.    His  theory  is  an  attempt  to  explain  the  supposi- 

1  This  is  true  of  all  the  heematozoa  up  to  the  present  time  (February  1898). 
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tion  that  such  a  new-growth  as  cancer  depends  upon  an  increased 
capacity  for  growth  on  the  part  of  the  epithelial  cells  which  enter 
into  the  composition  of  the  tumour.  Hansemann  first  of  all 
held  that  the  normality  of  a  cell  depends  upon  a  particular  kind 
of  division  of  its  nucleus.  He  found  in  carcinoma  the  so-called 
asymmetrical  mitoses,  and  imagined  that  the  smaller  portion  of 
the  nucleus  and  the  larger  portion  formed  cells  of  different  kinds, 
of  which  the  larger  approached  to  the  indifferent  stage.  Stroebe, 
however,  showed  that  asymmetrical  mitoses  are  met  in  other 
rapidly  growing  tissues  besides  the  tumours,  so  that  Hansemann 
was  obliged  to  relinquish  this  view.  He  still  maintains,  however, 
that  the  cells  of  tumours  never  show  exactly  the  same  histological 
and  biological  properties  as  the  cells  from  which  they  sprang,  and 
considers  that  this  indicates  that  they  have  undergone  a  more  or 
less  widespread  anaplasia. 

(6)  Theory  of  Growth- Liberation. — By  this  term  I  have 
ventured  to  designate  Kibbert's  theory  to  explain  the  new- 
growths.  His  theory  of  hypertrophy  has  already  been  considered 
(p.  540),  and  it  has  been  shown  that  this  author  believes  that  in 
every  cell  there  is  a  capacity  for  growth  which  is  held  in 
restraint  by  the  "  tissue-tension."  When  the  tissue-tension  is 
diminished  the  capacity  for  growth  is  set  free,  and  proliferation 
of  cells  takes  place.  Carcinoma,  for  example,  does  not  occur 
because  the  epithelial  cells  grow  into  a  fibrous  tissue,  the  resisting 
power  of  which  is  diminished,  nor  because  the  capacity  for 
growth  of  the  epithelial  cells  is  increased,  though  each  of  these 
views  has  claimed,  and  still  claims,  many  adherents.  It  occurs, 
according  to  Kibbert,  because  the  tissue- tension  is  altered  and 
the  capacity  for  growth  of  the  sub-epithelial  fibrous  tissue  is  set 
free,  whereby  it  grows  and  invades  the  epithelium,  breaking  this 
tissue  up,  separating  it  into  cells  and  groups  of  cells  which 
(themselves  being  freed  from  tissue- tension)  proliferate  owing 
to  the  liberation  of  their  own  inherent,  but  hitherto  restrained, 
capacity  for  growth.  Eibbert's  view  concerning  the  formation 
of  cancer,  and,  indeed,  of  many  other  kinds  of  growth,  e.g.,  fibro- 
adenoma of  the  breast,  differs  from  that  of  other  authors  in  that 
he  makes  the  connective  tissue  portion  of  the  growth  play  a 
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fundamental,  and  not  as  most  other  authors  believe,  a  more  or 
less  passive,  part.  He  argues  against  the  theory  which  asserts 
that  in  carcinoma  there  is  a  direct  in-growth  of  epithelial 
structures  into  the  subjacent  tissue,  for  he  maintains  that  this 
has  never  been  shown  to  occur  beyond  the  possibility  of  doubt, 
and  that  the  contrary  is  shown  by  some  extremely  early,  but  un- 
doubtedly commencing,  carcinomata  which  he  had  the  opportunity 
of  examining.  This  view,  since  it  does  not  concern  itself 
primarily  with  the  manner  in  which  the  capacity  of  growth  is 
liberated  in  a  cell  or  group  of  cells,  does  not  exclude  of  necessity 
either  the  traumatic  theory  or  Cohnheim's  theory  of  embryonic 
remnants.  Indeed,  in  the  case  of  some  tumours,  e.g.,  cartilagin- 
ous tumours,  rhabdomyoma,  glioma,  dermoid  tumours,  and  some 
other  kinds  of  cyst,  all  of  which  arise,  or  the  germs  of  which  are 
separated  off,  in  intra-uterine  life,  Eibbert  expressly  invokes 
Cohnheim's  hypothesis.  In  the  case  of  chronic  irritation, 
trauma,  parasites,  however,  Eibbert  holds  that  their  importance 
in  the  aetiology  of  cancer  consists  in  the  fact  that  they  lead  to 
that  proliferation  of  connective  tissue  which  is  a  preliminary  to 
the  formation  of  a  cancer,  though  it  does  not  necessarily  end 
in  cancer-formation.  Eibbert's  theory  has  met  with  criticism, 
particularly  at  the  hands  of  Ziegler,  Hansemann,  Hauser,  and 
Notthafft,  all  of  whom  maintain  that  carcinoma  commences  with 
a  proliferation  of  epithelium.  To  them  Eibbert  makes  practi- 
cally but  one  answer,  viz.,  that  they  have  not  examined  carcino- 
mata in  a  sufficiently  early  stage,  and  that  the  periphery  of  an 
already  established  growth  does  not  afford  evidence  upon  the 
point. 

Eibbert's  theory  offers  certain  manifest  advantages.  It  presents 
one  explanation  for  the  whole  group  of  tumours,  whether  they  are 
simple  or  complex  in  structure,  whether  they  are  non-malignant 
or  malignant,  whether  they  correspond  to  embryonic  or  to  adult 
tissue.  It  approximates  tumour-formation  to  hyperplasia  and 
regeneration,  processes  in  which  growth  is  also  excessive.  But 
it  has  the  great  disadvantage  that  it  cannot  readily  be  put  to  the 
test,  owing  to  the  rarity  with  which  tumours  are  found  in  a 
sufficiently  early  stage,  to  be  of  use  in  deciding  its  value.  On 
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the  whole,  however,  it  is  more  satisfactory  than  any  theory 
which  has  hitherto  been  put  forward,  as  a  working  hypothesis. 

With  regard  to  the  question,  whether  the  fibrous  tissue  stroma 
of  a  growth  plays  a  fundamental  part  in  its  formation,  as  Eibbert 
believes,  there  is  some  difficulty.  In  the  case  of  papillomata,  the 
view  must  be  correct,  for  the  fibrous  tissue  forming  the  basis  on 
which  the  epithelium  is  placed  in  excessive  amount,  has  obviously 
extended  beyond  the  normal  limits  of  the  cutis  vera.  But  when 
we  bear  in  mind  that  any  irritant  of  low  intensity  becomes  sur- 
rounded by  a  capsule  of  newly-formed  fibrous  tissue,  it  becomes 
doubtful  whether,  in  some  cases,  the  fibrous  tissue  stroma  of  the 
growth  may  not  be  of  the  inflammatory  type.  The  capsule  that 
surrounds  a  Trichina  spiralis  in  muscle,  or  a  hydatid  cyst  in  the 
liver,  is  fibrous,  and  is  formed  by  the  surrounding  tissues  as  the 
sequel  to  a  chronic  inflammation,  in  the  same  way  as  the  capsule 
is  formed  when  one  surrounds  a  bullet.  The  capsule  which  sur- 
rounds a  fibro-adenoma  of  the  breast  is  of  the  same  nature,  but 
the  fibrous  tissue  in  the  growth  itself  is  probably  different,  and  is 
as  much  a  part  of  the  tumour  as  are  the  epithelial  cells  which  line 
the  clefts  or  cysts  in  the  tumour.  But,  in  the  case  of  carcinoma, 
it  is  questionable  whether  we  are  to  regard  the  fibrous  tissue  as  a 
fundamental  part  of  the  tumour — therein  agreeing  with  Eibbert 
— or  whether  we  are  to  regard  it  as  corresponding  in  nature  to 
the  fibrous  tissue  which  forms  a  capsule  around  a  non-malignant 
growth.  Here,  I  think,  the  structure  of  a  scirrhus  of  the  breast 
helps  us  to  a  conclusion.  If  we  examine  the  periphery  of  the 
tumour  where  it  is  actively  growing,  we  see  that  it  consists 
almost  entirely  of  masses  of  epithelial  cells,  fibrous  tissue  being 
present  in  extremely  small  quantities.  But  in  advance  of  the 
masses  of  epithelial  cells  there  is  always  to  be  found  a  small- 
celled  infiltration,  a  sign,  that  is,  that  the  normal  tissue  is  react- 
ing to  either  an  irritant  or  a  stimulus.  These  small  cells  being 
invariably  found  in  connective  tissue,  the  most  reasonable 
explanation  is  that  they  are  proliferated  connective  tissue  cells. 

Now  if  we  could  imagine  that  proliferation  of  epithelial  cells 
throughout  the  tumour  ceased  at  a  given  moment,  the  proliferated 
connective  tissue  cells  would  form  a  capsule  for  the  growth.  But 
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since  this  cessation  in  epithelial  multiplication  does  not  take 
place,  but  on  the  contrary  new  masses  of  epithelial  cells  are  per- 
petually encroaching  upon  the  zone  of  potential  fibrous  tissue  in 
all  directions,  the  surrounding  tissues  are  in  a  constant  state  of 
striving  to  encapsule  the  growth,  but  never  succeed  in  doing  so. 
Nevertheless,  the  proliferated  connective  tissue  cells  form  new 
connective  tissue  ;  and  this  connective  tissue  from  the  nature  of 
the  case  does  not  enclose  the  cancer,  but  is  enclosed  within  it. 
Here  it  becomes  denser  and  contracts  according  to  the  normal 
properties  of  connective  tissue,  and  hence  the  oldest  parts  of  the 
growth  are  the  densest  and  contain  the  fewest  epithelial  cells. 
The  marked  difference  between  the  centre  and  the  periphery  of  a 
scirrhus,  as  compared  with  the  similarity  between  the  centre  and 
the  periphery  of  such  a  growth  as  a  fibro-adenoma  of  the  breast, 
seems  to  me  to  imply  a  fundamental  difference  between  the 
modes  of  fibrous  tissue-formation  in  the  two  cases.  I  would 
therefore  agree  with  Eibbert  that  in  a  fibro-adenoma  of  the  breast 
the  fibrous  tissue  of  the  tumour  is  a  fundamental  and  essential 
part  of  the  new-growth ;  but  I  should  hesitate  to  agree  with  him 
that  the  fibrous  tissue  in  a  carcinoma  (and  especially  in  a 
scirrhus  of  the  breast)  is  a  fundamental  and  essential  part  of  the 
new-growth  in  the  same  sense. 

(vi.)  Cysts. — The  term  "  cyst "  is  used  to  imply  an  abnormal 
space  containing  liquid  or  semi-solid  contents,  and  shut  off  from 
the  tissues  in  which  it  lies  by  a  wall  which  consists  at  least  of 
fibrous  tissue,  though  it  is  frequently  more  complicated.  Besides 
the  true  cysts,  for  which  this  description  suffices,  hsematoma  is 
often  included  among  the  cysts,  but  it  and  allied  conditions  are 
better  described  as  "  false  cysts." 

The  chief  forms  of  cyst  are  as  follow: — (1)  Those  containing 
an  animal  parasite,  e.g.,  a  hydatid;  here  we  have  to  distinguish 
between  the  ,true  wall  of  the  parasitic  cyst  from  the  fibrous  tissue 
wall  formed  around  it  by  the  neighbouring  tissues.  (2)  Cysts 
formed  by  enlargement  of  pre-existing  ducts  or  cavities,  the  out- 
let of  which  has  become  obstructed :  retention-cysts.  These  are 
almost  invariably  lined  by  a  layer  of  epithelium,  and  they  form 
the  majority  of  cysts.    Eanula,  sebaceous  cysts,  hydrocele,  cysts 
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in  fibro-adenomata,  cysts  in  chronic  granular  kidneys,  are  of  this 
nature.  (3)  Cysts  formed  by  dilatation  of  a  foetal  tube  which 
is  normally  obliterated,  e.g.,  parovarian  cysts.  (4)  Dermoid 
cysts.  (5)  Cysts  formed  by  degeneration  and  liquefaction  of 
the  central  portion  of  a  solid  mass,  e.g.,  cysts  in  many  sarcomata. 
(6)  Haematoma. 

Concerning  many  of  these,  it  is  unnecessary  to  speak  at  length. 
Haematomata  depend  upon  effusion  of  blood  from  ruptured  blood- 
vessels, upon  absence  of  coagulation  in  the  effused  blood,  and 
upon  the  slowness  with  which  absorption  of  a  highly  albuminous 
fluid  takes  place.  Degeneration  cysts  may  depend  upon  super- 
vention of  either  the  mucoid  or  the  colloid  change ;  the  latter 
accounts  for  many  of  the  cysts  in  goitre.  Degeneration  may  also 
be  complicated  by  haemorrhage,  and  then  a  condition  is  produced 
which  may  resemble  hsematoma ;  the  contents  of  many  kinds  of 
cysts  are  coloured  by  altered  blood-pigment. 

In  dermoid  cysts,  epithelium  is  the  system  of  tissue  most  com- 
monly represented ;  a  dermoid  cyst  is  not  only  lined  by  a  well- 
marked  squamous  epithelium,  but  it  also  shows  papillae,  sweat 
glands,  sebaceous  follicles  and  hair  sacs  (which  are  functionally 
active  as  shown  by  the  greasy  material  and  hair  found  in  dermoid 
cysts).  When  the  ovary  is  the  seat  of  a  dermoid  cyst,  not  infre- 
quently atypical  teeth  are  planted  on  the  epithelium,  and 
sometimes  these  teeth  may  be  set  in  a  piece  of  bone  somewhat 
resembling  the  alveolar  bone  of  a  jaw.  The  pathology  of  these  two 
kinds  of  dermoid  cyst  is  probably  different.  The  ovarian  dermoid 
(dentigerous)  cyst  is  probably  the  remnant  of  a  blighted  ovum, 
but  the  cutaneous  dermoid  cyst,  which  is  most  commonly  seen  in 
the  lines  of  the  face  and  neck  corresponding  to  the  branchial 
clefts  in  the  foetus,  is  due  to  inclusion  of  a  portion  of  the  epiblast 
during  closure  of  these  clefts. 

It  is  generally  considered  that  retention-cysts  are  passive 
formations,  i.e.,  that  secretion  goes  on  behind  an  obstruction,  and 
the  accumulated  secretion  passively  distends  the  duct  on  the 
proximal  side  of  the  obstruction.  Their  pathology  is  therefore 
similar  to  that  of  a  dilated  and  distended  urinary  bladder  in 
cases  of  impassable  stricture  of  the  urethra.    It  is  necessary, 
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under  these  conditions,  that  the  secretion  should  be  able  to  take 
place  against  considerable  pressure,  and  therefore  one  would  not 
expect  to  find  cystic  dilatation  of  the  bile  ducts  a  common  condi- 
tion; as  a  matter  of  fact,  cysts  in  the  bile  ducts  are  almost,  if 
not  quite,  unknown,  though  in  some  forms  of  jaundice  the  bile 
canaliculi  throughout  the  liver  may  be  wider  than  normal. 

Ribbert,  however,  cannot  accept  the  view  that  the  retention- 
cysts  are  formed  in  the  way  described.  He  points  out  that  in 
ranula  the  lining  epithelium  is  often  ciliated  and  the  cells  are 
markedly  columnar,  that  in  the  congenital  cystic  kidney  the 
epithelium  is  well  formed  though  not  always  cubical,  that  in 
ovarian  cysts,  papillae  covered  by  a  well-marked  epithelium  often 
project  into  the  cavity  of  the  cyst,  and  he  points  to  these  facts 
as  showing  that  the  fluid  in  the  cyst  is  not  under  pressure.  For 
if  the  fluid  were  under  pressure  the  epithelial  cells  would  be 
flattened.  He  applies  his  theory  of  growth-liberation  to  the 
cysts  also,  and  assumes  that  the  inherent  capacity  for  growth  of 
the  connective  tissue  forming  the  wall  of  the  obstructed  duct 
is  first  set  free ;  this  alteration  of  tissue-tension  sets  free  the 
inherent  capacity  for  growth  of  the  epithelial  cells,  which  now 
proliferate  and  form  new  but  normal  epithelial  cells.  The  clefts 
and  spaces  in  a  fibro-cysto-adenoma  of  the  breast,  he  maintains, 
are  formed  in  the  same  way.  Hence  this  view  implies  that  fluid 
is  formed  to  fill  a  cyst,  and  not,  as  is  usually  believed,  a  cyst  is 
formed  to  accommodate  fluid  that  has  already  collected. 

Eibbert's  observations  concerning  the  characters  of  the  epi- 
thelium lining  cysts  are  certainly  correct,  and  it  is  important  to 
remember  that  those  regions,  such  as  blood-vessels,  lymphatics, 
urinary-  and  gall-bladder,  which  normally  contain  fluids  under 
greater  or  less  degrees  of  pressure  are  lined  by  a  flattened  epi- 
thelium. But  it  is  impossible  for  anyone  who  has  thrust  a  trocar 
into  a  hydrocele  or  an  ovarian  tumour,  or  who,  in  the  post- 
mortem room,  has  opened  a  cyst  in  a  granular  kidney,  to  believe 
that  the  fluid  contained  in  these  cysts  is  not  under  pressure,  and 
in  some  instances  under  considerable  pressure.  In  the  case  of 
papuliferous  ovarian  cysts  and  cystic  fibro-adenomata  the  matter 
is  more  difficult.    For  here  we  undoubtedly  have  growth  of  epi- 
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thelium,  and  though  in  cystic  fibroadenoma  the  cysts  are  often 
more  nearly  represented  by  clefts  than  by  definite  cysts, — an 
appearance  suggesting  that  they  are  subject  to  external  pressure, 
— these  clefts  are  seen  to  a  greater  or  less  extent  even  in  the 
densest  fibro-adenoma,  and,  in  spite  of  this  fact,  the  epithelium 
does  not  appear  as  if  it  had  grown  under  pressure.  In  particular, 
there  is  none  of  that  atrophy  which  we  are  accustomed  to  associ- 
ate with  pressure  upon  cells.  Nevertheless,  we  do  not  know  the 
relations  of  pressure  to  cell  multiplication,  and  we  do  know  that 
in  an  abscess,  for  example,  living  and  apparently  normal  cells 
may  be  found  though  under  considerable  pressure,  so  that  it  is 
well,  at  present,  to  maintain  an  open  mind  upon  the  question, 
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CHAPTER  XIII. 


The  Pathology  of  various  Morbid  Conditions  which  are 

CHARACTERISED     BY    ABNORMALITIES    OF    SECRETIONS  AND 

Excretions. 

Synopsis. 


I.  General  Considerations. 

II.  The  Secretion  or  Excretion  is  ex- 

cessive. 

(i)  Diarrhoea. 

(ii)  Polyuria. 

(iii)  Hyperhidrosis. 

(iv)  Ptyalism. 

(v)  Galactorrhea   and  Se- 

borrhoea. 

(vi)  Mucus. 

III.  Substances    normally  retained 

are  discharged  from  the  Body, 
(i)  Blood, 
(ii)  Albumin. 

(iii)  Fat. 

(iv)  Sugar. 

IV.  Substances  normally  discharged 

are  retained  within  the  Body, 
(i)  Faeces. 


(ii)  Urine  and  Urinary  Con- 

stituents. 

(iii)  Calculi. 

V.  Substances  are  discharged  by 
Abnormal  Paths. 

(i)  Jaundice. 

(ii)  Fistulae  and  other  Con- 

ditions. 

VI.  Secretions  or  Excretions  contain 
Substances  not  normally  pre- 
sent in  the  Body. 

VII.  Morbid  Conditions  of  known  or 
suspected  dependence  upon 
alterations  in  Internal  Secre- 
tions. 

(i)  Thyroid, 
(ii)  Supra-renal  Bodies. 

(iii)  Pituitary  Body. 

(iv)  Sex-Glands. 


The  mere  title  that  has  been  given  to  this  chapter  is  an  indica- 
tion that  under  it  will  be  considered  a  great  variety  of  morbid 
conditions,  many  of  which  have  no  clinical  relationship  with 
one  another.  The  only  alternative  method  to  the  one  adopted 
is  to  describe  each  secretion  or  excretion  by  itself.  This 
method,  though  easier,  is  unsatisfactory,  for  two  important 
reasons.  Firstly,  because  the  interest  of  a  secretion  or  excre- 
tion from  the  point  of  view  of  pathology  lies  not  in  the 
secretion  or  excretion  itself,  but  in  the  conditions  of  the  body 
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which  cause  abnormalities  of  that  secretion  or  excretion ;  and 
secondly,  because  the  inter-dependence  of  the  secretions  and 
excretions  is  so  great  that  no  one  of  them  can  altogether  be 
considered  apart  from  the  others.  Here,  therefore,  after  giving 
a  short  description  of  the  general  processes  upon  which  changes 
in  the  secretions  and  excretions  may  depend,  we  shall  divide 
the  morbid  conditions  themselves  into  the  following  classes : — 

Morbid  conditions  in  which  the  secretion  or  excretion  is 
discharged  in  abnormally  large  quantities. 

Morbid  conditions  in  which  substances  normally  retained  are 
discharged  from  the  body. 

Morbid  conditions  in  which  substances  normally  discharged 
are  retained  within  the  body. 

Morbid  conditions  in  which  substances  are  discharged  from 
the  body  by  abnormal  paths. 

Morbid  conditions  in  which  the  secretions  or  excretions 
contain  substances  not  normally  present  in  the  body. 

Morbid  conditions  of  known  or  suspected  dependence  upon 
alterations  in  internal  secretions. 

A  perfect  pathology  would  indicate  the  cause  of  each  morbid 
condition,  the  tissues  upon  which  that  cause  acts,  and  the 
processes  whereby  interference  with  function  is  brought  about. 
At  present  we  have  but  scanty  knowledge  upon  many  of  these 
points ;  we  know  that  certain  end-results  are  produced,  but  of 
the  processes  leading  up  to  them  we  are  in  many  cases  com- 
pletely ignorant.  Hence  we  are  less  liable  to  error  if  we  work 
backwards  from  the  end-results  than  we  should  be  if  we 
attempted  to  work  forwards  to  them. 

I.  General  Considerations. — The  distinction  that  is  gener- 
ally made  between  a  secretion  and  an  excretion  is  that  whereas 
a  secretion  is  a  product  of  glandular  activity  destined  to  be  of 
further  use  in  the  body,  an  excretion  is  a  useless  product  of 
glandular  activity  and  is  destined  to  be  removed  from  the 
body.  A  more  scientific  method  of  separating  the  two  pro- 
cesses is  that  advocated  by  Eose  Bradford,  and  consists  in 
regarding  as  excretions  those  products  which  are  pre-existent 
in  the  blood,  and  are  simply  separated  from  it  by  the  gland 
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without  undergoing  any  modification  in  the  glandular  proto- 
plasm; and  as  secretions  those  products  which  are  indeed 
separated  from  the  blood,  but  which,  in  addition,  undergo  some 
elaboration  in  the  gland-cells.  Thus  the  water  of  pancreatic 
secretion  upon  this  view  is  an  excretory  product,  the  trypsin 
(and  probably  also  the  saline  constituents  in  some  degree)  are 
secretory  products.  Hence  the  same  gland  may  have  both 
secretory  and  excretory  functions.  Nevertheless,  the  old  distinc- 
tion is  in  many  respects  a  useful  one,  and  will  often  be  employed 
in  the  following  pages,  but  the  meaning  will  be  rendered  clear 
by  the  context. 

Those  glands  which  are  provided  with  ducts  yield  a  secretion 
which  can  be  recognised,  and  for  this  reason  they  are  often  said 
to  afford  an  "  external  secretion."  Glandular  bodies,  such  as 
the  thyroid,  th,e  supra-renals,  the  pituitary  body,  have  no  ducts, 
and  since  it  has  been  found  that  from  them  substances  can  be 
obtained  which  have  marked,  and  in  many  cases  characteristic, 
effects,  it  is  usually  considered  that  these  bodies  elaborate 
materials  derived  from  the  blood,  and  return  the  altered  sub- 
stances directly  into  the  blood  without  the  aid  of  a  duct ;  they 
produce  no  "  external  secretion,"  but  they  produce  an  "  internal 
secretion."  Some  glands  possess  both  kinds  of  secretion.  In 
the  case  of  the  liver,  bile  is  the  external  secretion,  glycogen  the 
internal  secretion.  In  the  case  of  the  pancreas,  too,  there  is 
much  reason  for  believing  that  besides  an  external  it  has  also 
an  internal  secretion.  In  other  glands,  such  as  the  kidney, 
testis,  and  ovary,  the  existence  of  an  internal  secretion  is  not 
proved,  though  it  is  quite  possible  that  one  exists. 

Whether  in  the  fully  formed  state  or  as  raw  material,  the 
constituents  of  every  excretion  or  secretion  of  a  gland  have  at 
one  time  or  other  circulated  in  the  blood.  To  this  statement 
there  is  no  exception.  But  along  with  the  true  product  of 
glandular  activity  we  may  have  other  substances  of  extraneous 
origin  which  may  be  looked  upon  as  contaminations.  Many  of 
these  contaminations  can  hardly  be  considered  of  hsemal  origin 
at  all.  Thus,  normal  urine  contains  epithelial  scales  from  the 
bladder  and  other  parts  of  the  urogenitary  tract,  normal  saliva 
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contains  tiUbris  of  epithelium  and  of  food,  normal  sweat  con- 
tains epithelial  scales,  and  so  on.  In  addition,  the  products  of 
glandular  activity  are  often  contaminated  by  bacteria,  and  in 
practically  all  of  them  a  certain  amount  of  mucus  is  present. 
These  contaminations  may  become  highly  important  in  patho- 
logical conditions,  though  they  are  unimportant  from  a  physio- 
logical point  of  view. 

The  blood-pressure  plays  a  great  part  in  the  formation  of  all 
glandular  secretions,  but  in  this  matter  the  mean  arterial 
blood-pressure  (in  the  carotid,  for  example)  is  not  so  important 
as  the  blood-pressure  in  the  artery  supplying  the  secreting 
gland.  Thus,  in  the  kidney,  though  some  cases  of  pathological 
polyuria  occur  under  conditions  in  which  we  have  reason  to 
believe  that  the  mean  aortic  blood-pressure  is  increased,  and 
though  there  is  no  doubt  that  Ludwig  and  his  pupils  showed 
the  great  dependence  of  renal  secretion  upon  aortic  blood- 
pressure,  yet  even  in  pathological  conditions  a  high  aortic 
blood-pressure  does  not  always  co-exist  with  polyuria,  and  in 
physiology  it  can  be  experimentally  shown  that  the  two  con- 
ditions often  go  in  opposite  directions.  The  high  arterial 
pressure  which  follows  upon  stimulation  of  the  spinal  cord,  or 
is  seen  in  asphyxia  and  in  poisoning  by  strychnine  or  digitalis, 
is  not  accompanied  by  an  increased  but  by  a  diminished  now 
of  urine,  the  reason  of  which  lies  in  the  fact  that  under  all 
these  conditions  the  renal  arteries  share  in  the  general  vaso- 
constriction throughout  the  body.  But  if,  when  the  blood- 
pressure  is  high  from  one  or  other  of  these  causes,  the  renal 
nerves  are  divided,  spasm  of  the  renal  arteries  gives  place  to 
dilatation,  and  the  high  pressure  elsewhere  shows  its  effects  in 
the  kidney  by  an  increased  flow  of  urine.  Hence,  in  the  case 
of  the  kidney,  high  aortic  blood-pressure  can  only  be  associated 
with  an  increased  formation  of  urine  when  the  renal  blood- 
vessels are  at  the  same  time  widely  dilated. 

The  dilatation  of  the  renal  arteries  has  two  chief  results  with 
regard  to  the  blood-flow  through  the  kidney :  it  raises  the 
capillary  blood-pressure,  and  it  increases  the  rate  of  blood-flow 
through  the   organ.     According  to  the   greater  importance 
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attached  to  one  or  other  of  these  results,  views  differ  as  to  the 
essential  cause  of  the  increased  flow  of  urine,  some  authorities 
considering  the  increased  flow  as  evidence  of  increased  filtration 
through  the  glomerular  epithelium,  others  considering  it  as 
dependent  upon  an  increased  vital  activity  of  the  kidney  sub- 
stance itself.  Between  these  two  views  it  is  at  present  im- 
possible to  decide  with  certainty,  but  in  the  opinion  of  many 
authors,  with  whom  I  agree,  the  balance  of  evidence  is  against 
a  purely  physical  explanation  even  for  the  separation  of  the 
water  in  urine.  With  regard  to  the  constituents  of  urine 
other  than  water,  evidence  against  a  physical  mode  of  excre- 
tion— within  the  range  of  ascertained  physical  processes — is  very 
strong. 

But  the  mean  blood-pressure  is  not  of  equal  importance  in 
the  case  of  all  glands ;  thus,  it  has  a  more  directly  obvious 
effect  upon  renal  secretion  than  it  has  upon  the  secretion  of 
such  a  gland  as  the  submaxillary.  In  the  kidney  the  secre- 
tion of  urine  rises  and  falls  with  a  rise  and  fall  of  renal  blood- 
pressure,  but  in  the  submaxillary  gland  a  secretion  of  saliva 
may  be  obtained  by  stimulating  the  chorda  tympani  after  the 
head  of  the  animal  has  been  cut  off  and  when  the  blood- 
pressure  must  therefore  have  fallen  to  zero,  and  may  be  absent 
though  the  blood-vessels  are  widely  dilated,  as  when  stimulation 
of  the  chorda  tympani  is  carried  out  in  an  animal  under  the 
influence  of  a  tropin. 

This  brings  us  to  a  consideration  of  the  effects  of  nerve-action 
upon  secretion.  In  this  respect  there  is  a  very  great  difference 
between  different  glands.  The  salivary  and  the  sweat  glands 
are  well  provided  with  nerves,  both  of  cerebral  and  of  sympa- 
thetic origin,  and  in  the  case  of  the  salivary  glands  at  least 
these  nerves  are  associated  with  different  functions,  the  cerebral 
nerves  (chorda  tympani  and  nerve  of  Jacobson)  being  associated 
with  the  separation  of  water  and  with  vaso-dilatation,  the 
sympathetic  nerve  being  associated  with  the  formation  of  the 
solids  of  the  secretion  and  with  vaso- constriction.  The  sweat 
glands  are  also  provided  with  special  nerves.  These  leave  the 
spinal  cord  by  the  anterior  roots  in  the  dorsal  and  upper  lumbar 
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regions,  and  then  enter  the  sympathetic  system.  In  the  case  of 
the  head  and  neck  the  hidrotic  fibres  run  with  the  sympathetic, 
but  in  the  limbs  they  run  with  the  spinal  nerves,  having  joined 
them  after  leaving  the  sympathetic.  In  all  cases  hidrotic  nerves 
are  closely  bound  up  with  vaso-motor  nerves,  but  are  distinct 
from  them.  In  the  case  of  some  other  glands  the  existence  of 
definite  secretory  nerves  is  doubtful.  Thus,  Pawlow  has  deter- 
mined that  secretion  of  gastric  juice  is  in  some  way  bound  up 
with  continuity  of  the  vagus  nerve,  and  in  the  kidney  it  has 
been  shown  by  Berkely  that  around  the  tubules  and  glomeruli 
there  is  a  dense  network  of  nerves.  Bile,  pancreatic  juice, 
the  secretion  of  the  sebaceous  glands,  including  the  mamma, 
are  all,  so  far  as  is  known  at  present,  formed  without 
the  intervention  of  other  nerves  than  those  which  control  the 
vascular  conditions  of  the  glands  in  question. 

And  yet  the  formation  of  secretions  generally  is  influenced 
by  the  central  nervous  system.    The  salivation  which  accom- 
panies thought  of  food,  the  arrest  of  salivary  flow  which  is 
associated  with  fear,  the  sweating  and  the  increased  flow  of  urine 
which  accompany  mental  emotions  of  different  kinds,  the  arrest 
of  milk  secretion  that  may  follow  upon  a  sudden  fright,  are  all 
evidence  that  secretory  processes  are  controlled  by  cerebral 
processes.    In  some  cases  the  glandular  activity  or  quiescence 
is  manifestly  the  result  of  a  reflex  nervous  process ;  thus,  the 
salivary  flow  that  follows  when  dilute  acetic  acid  is  placed 
upon  the  tongue  is  a  reflex  act,  in  which  the  lingual  and  glosso- 
pharyngeal nerves  convey  afferent  impulses.    In  other  cases 
the  process  is  not  so  certainly  reflex ;  the  fact  that  gastric 
secretion  is  poured  out  when  food  is  masticated,  but  is  pre- 
vented from  reaching  the  stomach  by  ligature  of  the  oesophagus, 
at  first  seems  to  suggest  that  gastric  secretion  is  a  reflex  act. 
In  part  it  may  be  so,  but  since  soluble  and  digestible  substances 
produce  a  far  more  copious  flow  of  gastric  juice  than  hard  and 
indigestible  substances,  it  is  probable  that  secretion  by  the 
gastric  glands  depends— at  least  in  part — upon  their  direct 
stimulation  by  substances  absorbed  from  the  food  and  carried 
to  the  stomach  by  the  blood-stream.    Pawlow  believes  that 
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secretion  of  gastric  juice  is  always  a  reflex  act,  but  is  largely 
called  forth  by  psychic  processes. 

The  selective  influence  which  is  exercised  by  the  different 
glands  upon  substances  presented  to  them  in  the  blood  is  so  well 
known  that  it  needs  no  repetition  here.  In  disease  this  selective 
influence  is  still  present  in  most  cases,  but  the  inter-dependence 
of  glands  often  comes  into  view  in  a  way  which  it  does  not 
under  normal  circumstances.  Thus,  when  the  kidney  is  unable  to 
remove  urea,  that  substance  may  be  removed  by  the  gastric  and 
sweat  glands  ;  when  the  kidney  is  unable  to  remove  a  sufficient 
quantity  of  water,  it  may  be  removed  by  gastric  glands  and 
lead  to  vomiting,  or  by  intestinal  glands  and  lead  to  diarrhoea. 
Drugs,  too,  have  a  selective  influence  upon  different  glands ;  thus 
the  whole  class  of  diuretic  substances  acts  essentially  upon  the 
kidney,  pilocarpine  and  atropin  act  markedly  upon  sweat  glands, 
mercury  and  atropin  upon  salivary  glands,  while  the  action  of 
belladonna  (atropin)  in  bringing  about  arrest  of  milk-secretion 
is  so  pronounced  as  almost  to  be  specific. 

This  short  sketch  of  secretion  and  excretion  generally  must 
suffice.  It  is  sufficient  to  show  that  in  considering  the  pathology 
of  morbid  conditions  accompanied  by  abnormalities  in  secretions 
or  excretions  we  shall  find  in  some  cases  that  the  fault  lies  in 
the  gland  itself,  whether  its  protoplasm  or  its  duct,  in  some 
cases  that  the  fault  lies  in  the  blood  with  all  the  conditions 
which  that  implies,  in  some  cases  that  it  lies  in  the  nervous 
system. 

II.  Morbid  Conditions  in  which  the  Secretion  or  Ex- 
cretion is  discharged  in  abnormally  large  Quantities. — 

The  quantities  in  which  a  secretion  is  normally  poured  out 
probably  varies  within  very  wide  limits ;  but  what  these  limits 
are  we  have  very  little  knowledge  except  in  the  case  of  those 
materials  which  are  discharged  from  the  body  in  the  form  of  urine 
and  faeces.  We  know,  however,  that  in  "  diabetes  insipidus  "  the 
quantity  of  urine  passed  in  the  day  may  in  some  cases  be  ten 
times  as  great  as  normal ;  that  in  diarrhoea  the  material  leaving 
the  body  by  the  bowel  is  increased ;  that  in  galactorrhoea  there 
is  an  excessive  flow  of  milk ;  in  ptyalism  an  excessive  flow  of 
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saliva  ;  in  hyperhidrosis  an  excessive  flow  of  sweat ;  in  seborrhoea 
an  excessive  formation  of  sebum.  And  in  all  these  conditions 
the  secretion  or  excretion  is  discharged  in  quantities  that  it  is 
utterly  impossible  to  regard  as  within  normal  limits.  Moreover, 
the  pathological  nature  of  these  states  is  in  most  instances,  if  not 
in  all,  indicated  by  the  fact  that  the  secretion  or  excretion  itself 
differs  from  the  normal. 

Almost  invariably  the  excessive  discharge  depends  upon  the 
presence  of  an  excessive  proportion  of  water.  This  is  notably  the 
case  in  diabetes  insipidus,  where  the  urine,  instead  of  having 
a  specific  gravity  of  1020  or  thereabouts,  may  perhaps  have  a 
specific  gravity  of  1002  ;  and  in  diarrhoea  the  substitution  of  a 
watery  discharge  in  place  of  the  normal  semi-solid  faeces  also 
gives  evidence  of  an  abnormally  large  discharge  of  water.  The 
same  is  true  in  ptyalism  and  in  hyperhidrosis,  for  the  saliva  and 
sweat  being  little  more  than  water,  an  excessive  discharge  of 
either  means  a  corresponding  increase  in  loss  of  water ;  in 
galactorrhcea,  also,  the  milk  becomes  thin  and  opalescent.  In 
seborrhoea  the  secretion  is  also  modified,  but  it  is  probable  that 
here  the  increase  does  not  depend  upon  an  increased  dis- 
charge of  water,  since  the  sebum  maintains  its  normal  fatty 
nature,  though  it  becomes  thinner  and  more  of  the  consistency 
of  oil. 

(i.)  Diarrhoea. — Diarrhoea  is  a  symptom  of  many  diseases  both 
grave  and  trifling.  When  we  consider  that  normally  the  intes- 
tinal contents  are  fluid  through  nearly  the  whole  length  of  the 
small  and  large  intestine  ;  that  digestive  fluids  are  poured  into 
the  bowel  probably  in  large  quantities  over  a  great  portion  of 
its  length ;  that  absorption  of  fluid  takes  place  over  the  whole 
length  of  the  bowel,  and  particularly  in  the  lower  portion  of  the 
large  intestine;  that  during  their  sojourn  in  the  bowel  the 
intestinal  contents  are  subjected  to  constant  muscular  move- 
ments, the  general  tendency  of  which  is  to  drive  them  towards 
the  anus ;  and  that  the  muscular  and  glandular  processes  are 
subject  to  the  nervous  system,  it  is  clear  that  diarrhoea  may 
depend  (1)  upon  excessive  output  of  fluid  into  the  bowel,  (2) 
upon  insufficient  absorption  of  fluid  from  the  bowel,  (3)  upon 
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excessive  peristalsis,  or  (4)  upon  defects  in  nervous  control. 
And  this,  without  taking  into  account  the  fact  that  the  whole 
digestive  mechanism,  considered  in  the  widest  sense,  is  liable  to 
diseases  of  various  kinds. 

But  the  effects  of  disease  may  he  summarily  dismissed,  for  they 
act  only  through  the  medium  of  the  four  processes  that  have  just 
been  mentioned. 

In  most  cases  several  of  the  four  causes  conjoin  in  the  pro- 
duction of  diarrhoea.  Thus,  when  the  condition  follows  upon 
ingestion  of  some  irritating  material,  not  only  is  peristalsis  more 
vigorous,  but  on  that  very  account  a  shorter  time  is  allowed 
during  which  absorption  can  take  place,  and  in  addition,  it  is 
probable  that  the  intestinal  glands  pour  forth  a  greater  amount 
of  fluid  (in  particular,  mucus)  than  normal  in  answer  to  the 
irritation.  The  diarrhoea  which  is  associated  with  infective 
disease  generally,  but  especially  with  cholera  and  typhoid  fever, 
probably  owns  the  same  combination  of  causes.  In  all  these  cases 
there  is,  besides,  reason  to  believe  that  absorption  is  actively 
diminished,  apart  from  the  shorter  sojourn  of  the  intestinal 
contents  within  the  body ;  at  any  rate,  there  is  clear  evidence 
that  absorption  does  not  necessarily  take  place  merely  because 
a  fluid  is  brought  into  contact  with  a  tissue  which  normally 
absorbs  such  fluid. 

On  the  other  hand,  in  some  cases  one  or  other  of  the  causes 
mentioned  is  so  prominent  that  it  overshadows  the  rest.  Thus 
the  purging  which  follows  administration  of  such  a  drug  as 
croton  oil  essentially  depends  upon  an  increased  rate  of  peri- 
stalsis, that  which  follows  administration  of  magnesium  sulphate 
essentially  depends  upon  a  great  increase  in  the  amount  of  fluid 
poured  into  the  bowel.  Again,  the  "  spurious "  diarrhoea  which 
accompanies  the  later  stages  of  chronic  obstruction  of  the  lower 
portion  of  the  large  intestine  is  essentially  due  to  failure  of 
absorption;  for  in  these  cases  the  intestinal  wall  above  the 
obstruction  is  covered  by  a  thick  coat  of  hard  faeces — the 
accumulation  of  weeks  or  months — and  the  liquid  intestinal 
contents  from  which  alone  absorption  could  take  place  are  not 
brought  into  contact  with  the  intestinal  wall  at  all.    So,  too,  the 
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diarrhoea  associated  with  various  mental  states  is  probably 
dependent  upon  increased  peristalsis  alone. 

When,  therefore,  the  pathological  anatomy  of  any  particular 
case  accompanied  by  diarrhoea  is  known,  it  is  generally  easy  to 
determine  upon  what  cause  or  causes  that  diarrhoea  essentially 
depends.  Even  then,  however,  the  enquiry  has  only  been 
shifted  one  stage  further  back  in  a  large  number  of  cases ;  it  is 
easy  to  state  the  fact  that  "  croton  oil  increases  peristalsis,"  but 
it  is  at  present  impossible  to  say  how  it  does  so. 

(ii.)  Polyuria. — Under  the  name  polyuria  are  included  many 
different  morbid  conditions,  in  all  of  which,  however,  the  flow  of 
urine  is  increased.  The  most  marked  of  these  is  "  diabetes 
insipidus,"  in  which,  as  has  already  been  mentioned,  the  amount 
of  urine  passed  in  the  twenty-four  hours  may  be  increased  ten- 
fold. Under  the  name  diabetes  insipidus  we  have  to  distinguish 
two  conditions :  (a)  that  in  which  there  is  an  excessive  flow  of 
water,  but  in  which  the  total  excretion  per  diem  of  solid  urinary 
constituents  undergoes  hardly  any  change ;  (b)  that  in  which 
besides  an  excessive  flow  of  water  one  or  other  of  the  solid  con- 
stituents undergoes  an  alteration  in  amount  of  excretion,  that 
alteration  being  generally  in  the  direction  of  excess.  One  there- 
fore distinguishes  hydruria,  azoturia  (when  there  is  excessive 
excretion  of  urea),  anazoturia  (when  there  is  a  deficient  ex- 
cretion of  urea),  phosphaturia  (Tessier).  More  common  than 
diabetes  insipidus  is  diabetes  mellitus,  but  the  latter  condition 
has  characters  so  peculiar  and  important  that  it  will  be  con- 
sidered by  itself  and  in  connection  with  the  sugar  present  in  the 
urine.  Nevertheless,  it  is  probable  that  the  excessive  flow  of 
urine  in  diabetes  mellitus  is  of  essentially  the  same  kind  as  the 
excessive  flow  in  phosphaturia  or  azoturia  and  perhaps  also  in 
hydruria.  A  fairly  common  condition  in  which  polyuria  occurs 
is  hysteria ;  where  hysterical  patients  do  not  manifest  a  marked 
deficiency  in  excretion  of  urine  they  often  manifest  a  polyuria 
which  is  usually  well-marked  in  connection  with  hysterical 
attacks.  Most  common  of  all  morbid  conditions,  however,  in 
which  the  secretion  of  urine  is  increased,  is  that  associated  with 
fibrosis  of  the  kidney  (chronic  granular  kidney).    The  polyuria 
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is  here  not  great,  but  it  is  definite  and  it  may  [persist  for  years. 
Of  all  conditions  leading  to  polyuria  these  five  are  by  far  the 
most  important. 

The  pathology  of  polyuria  generally  is  uncertain.  We  may 
perhaps  associate  the  polyuria  accompanying  fibrosis  of  the 
kidney  with  increased  blood-pressure.  The  left  ventricle  of 
persons  whose  kidneys  are  shrunken  and  fibrotic  is  almost 
always  greatly  hypertrophied,  while  at  the  same  time  the  smaller 
arteries  throughout  the  body  are  generally  the  seat  of  arterio- 
sclerosis. As  a  result  of  these  two  conditions  the  blood-pressure 
in  subjects  of  chronic  granular  kidney  is  high,  and  this  may 
explain  the  polyuria.  This  at  least  is  the  view  put  forward  by 
Cohnheim  and  held  by  many  authorities  at  the  present  day.  In 
the  case  of  diabetes  insipidus  it  is  generally  held  that  the  in- 
creased flow  of  urine  is  due  to  a  local  diminution  of  pressure  in 
the  renal  artery  brought  about  by  nervous  causes  through  the 
medium  of  vaso-motor  nerves.  In  favour  of  this  view  it  is 
pointed  out  that  injuries  of  the  brain  and  tumours,  especially 
those  in  the  region  of  the  fourth  ventricle,  are  often  found  to  be 
associated  with  the  condition. 

But  it  is  a  question  whether  all  forms  of  polyuria  must  be 
referred  to  an  increase  in  the  amount  of  blood  that  passes 
through  the  glomeruli  in  unit  time  or  to  increased  glomerular 
blood-pressure.  In  other  words,  it  is  a  question  whether  varia- 
tions in  amount  of  urine  may  not  be  to  some  extent  independent 
of  the  circulation.  Ludwig  long  ago  suggested  that  water  is 
absorbed  from  the  urine  during  its  passage  down  the  urinary 
tubules.  This  view,  which  derives  some  support  a  priori  from 
the  anatomical  arrangement  of  blood-vessels  and  tubules  in  the 
kidney,  has  received  experimental  support  at  the  hands  of 
Ludwig,  Hermann,  Heidenhain,  and  others.  Turner  found  that 
a  solution  of  strychnine  placed  in  the  pelvis  of  the  kidney  is 
absorbed  and  the  drug  manifests  its  physiological  action.  Huber 
came  to  the  conclusion  that  absorption  takes  place  from  the 
tubules  and  not  from  the  pelvis  of  the  kidney  at  all,  but  that 
absorption  actually  does  take  place  he  showed  by  filling  the 
pelvis  with  a  solution  of  potassium  iodide  under  a  pressure  of 
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about  38  mm.  of  water  ;  he  recognised  the  drag  in  a  short  time  in 
the  saliva  of  the  animal.  Hence  there  is  some  reason  to  believe 
that  a  transference  of  fluid  can  take  place  from  the  urinary 
tubules  to  the  blood-vessels  under  normal  conditions.  Further 
— whether  we  regard  it  as  evidence  of  osmosis  or  as  evidence  of 
secretion — there  is  no  doubt  that  when  a  strong  solution  of  a 
crystalloid  is  separated  from  the  blood  by  a  thin  living  mem- 
brane, it  is  in  the  highest  degree  commoi  for  fluid  to  pass  from 
the  blood  through  the  membrane  to  the  solution  of  crystalloid. 

Now  it  is  conceivable,  even  if  the  output  of  the  glomerular 
blood-vessels  remained  constant,  that  polyuria  might  be  pro- 
duced either  by  a  failure  of  absorption  in  the  kidney  or  by  an 
increased  output  of  fluid  from  the  blood-vessels  into  the  urinary 
tubules. 

In  the  cases  of  diabetes  mellitus,  of  phosphaturxa,  arid  of  azoturia 
the  percentages  of  sugar,  of  phosphate,  of  urea  in  the  urine  are 
greater  than  they  are  in  the  blood,  and  so  long  as  the  urines  in 
these  diseases  were  separated  from  the  blood  by  a  thin  membrane, 
as  they  were  while  passing  along  the  urinary  tubules,  it  is  reason- 
able to  suppose  that  fluid  passed  into  them  from  the  blood. 
But  even  if  that  were  actually  not  the  case,  absorption  of  more 
highly  concentrated  solutions  of  crystalloids  takes  place  from 
peritoneal  or  pleural  cavity  less  rapidly  than  absorption  of  more 
dilute  solutions.  So  that  if  it  be  allowed  that  there  is  an  inter- 
change of  fluid  between  the  urinary  tubules  and  the  capillaries 
that  surround  them,  the  existence  of  polyuria  in  diabetes  mellitus, 
in  phosphaturia,  and  in  azoturia  becomes  intelligible ;  either  it 
would  depend  upon  an  actual  increment  of  fluid  in  the  urinary 
tubules,  and  this  seems  the  more  probable,  or  it  would  depend 
upon  a  diminished  absorption  of  fluid  from  these  ducts. 

In  the  case  of  chronic  granular  kidney  also  it  seems  more 
reasonable  to  associate  the  polyuria  with  diminished  absorption 
than  with  increased  secretion.  Even  if  it  be  granted  that  the 
aortic  blood-pressure  in  such  cases  is  increased,  the  diminution 
in  numbers  of  glomeruli,  the  thickness  and  rigidity  of  the  renal 
blood-vessels,  which  are  characteristic  of  the  fibrotic  kidney, 
argue  rather  for  a  diminished  total  output  of  nrine  through  the 
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glomeruli  than  for  an  increased  total  output.  But  examination 
of  a  microscopical  section  of  such  a  kidney  renders  it  in  the 
highest  degree  probable — once  the  possibility  of  absorption  from 
the  urinary  tubules  is  allowed — that  in  such  a  kidney  absorption 
must  be  reduced  to  a  very  low  point.  The  large  amount  of 
fibrous  tissue  which  separates  individual  tubules,  which  is 
situated  in  a  region  where  normally  the  amount  of  fibrous 
tissue  is  minimal,  and  which  surrounds  the  inter-tubal  blood- 
vessels as  with  a  thick  sheath,  must  present  a  great  obstacle  to 
the  passage  of  fluid  from  the  urinary  tubules  to  the  blood- 
vessels. If  absorption  takes  place  at  all  in  the  normal  kidney 
the  contracted  granular  kidney  is  essentially  one  in  which 
absorption  would  be  prevented. 

In  the  case  of  simple  hydruria  (as  in  the  case,  of  hysterical 
polyuria)  we  have  nothing  to  help  us.  The  kidney  shows 
practically  no  morbid  changes,  the  urine  shows  the  presence 
of  no  abnormal  amount  of  crystalloid.  There  remains  only 
the  fact  that  the  onset  of  hydruria  is  said  not  infrequently  to 
follow  upon  various  brain  conditions  which  are  often  of  an 
obscure  kind.  But  even  if  this  be  the  case  we  are  no  nearer 
to  an  elucidation  of  the  pathology  of  hydruria,  for  it  would  be 
in  the  highest  degree  astonishing  if  these  lesions  were  able  to 
induce  a  relaxation  confined  to  the  renal  blood-vessels  alone. 
That  they  might  cause  paralysis  of  vaso-motors  generally  is 
conceivable,  but  in  that  case  the  mean  blood-pressure  would 
fall  and  the  secretion  of  urine,  though  it  might  be  somewhat 
increased,  would  certainly  not  be  increased  as  it  is  in  hydruria. 
For  the  production  of  hydruria  by  vaso-motor  changes  alone  it 
is  at  least  necessary  that  the  cerebral  lesion  should  single  out 
the  renal  vaso-motor  nerves  for  paralysis,  a  condition  that  would 
be  so  remarkable  that  one  is  justified  in  asking  whether  the 
cerebral  conditions  have  any  causal  relationship  with  the 
hydruria  at  all.  It  must  be  confessed,  however,  that  no  better 
explanation  can  be  put  in  its  place;  the  idea  that  hydruria 
depends  upon  a  diminished  absorption  of  water  in  the  kidney 
suggests  itself,  but  is  a  pure  surmise. 

(iii.)  Hyperhidrosis. — The  secretion  of  an  abnormally  large 
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amount  of  sweat  may  be  more  or  less  general,  as  in  the  critical 
sweating  of  fever,  the  night-sweats  accompanying  pulmonary 
tuberculosis,  or  the  sweat  of  collapse ;  or  it  may  be  strictly 
localised  as  in  the  unilateral  sweating  of  the  face  and  neck 
that  sometimes  accompanies  aneurysm  pressing  upon  the 
sympathetic  nerve.  In  some  cases  sweating  is  due  to  central 
causes,  as  for  example  when  it  is  called  forth  by  emotions ;  in 
other  cases,  to  direct  stimulation  of  hidrotic  nerves,  as  when 
a  tumour  presses  on  the  sympathetic.  Frequently  hyperhidrosis 
is  reflex,  being  brought  forth  by  pain,  e.g.,  the  pain  accompany- 
ing passage  of  a  renal  or  a  biliary  calculus.  But  sometimes  the 
sweating  seems  to  approach  more  to  the  condition  (known  as 
"  paralytic  secretion  "  of  saliva)  which  follows  upon  section  of  the 
chorda  tympani.  The  hidrotic  nerves  being  closely  bound  up 
with  the  vaso-motors,  vascular  changes,  and  in  particular,  dila- 
tation of  arteries,  accompanies  hyperhidrosis.  But  this  is  not 
always  the  case,  for  in  the  "  cold  sweats  "  of  pulmonary  tuber- 
culosis the  skin  is  often  anaemic  and  cold. 

(iv.)  Ptyalism. — Ptyalism  is  chiefly  associated  with  tumours 
of  the  medulla  oblongata  (bulbar  paralysis)  and  with  poison- 
ing by  mercury  and  by  the  bromides  and  iodides.  In  bulbar 
paralysis  it  is  possible  that  the  salivation  may  in  part  be 
spurious  and  dependent  only  upon  a  difficulty  in  retaining  and 
in  swallowing  the  saliva.  But  it  is  probable  that  there  is  in 
addition  an  actual  excess  of  saliva  secretion.  Whether  this 
would  then  depend  upon  irritation  of  a  centre  in  the  bulb,  or 
upon  a  condition  akin  to  that  of  paralytic  secretion,  it  is 
impossible  to  say.  Cohnheim  gives  his  verdict  in  favour  of  the 
former  explanation  because  of  the  length  of  time  that  a  patient 
suffering  from  bulbar  paralysis  may  exhibit  ptyalism,  and  in 
this  view  he  is  followed  by  most  modern  writers,  though  not 
by  all.  The  ptyalism  following  administration  of  iodides  in 
large  quantity  seems  to  depend  upon  the  fact  that  these  salts 
are  selectively  excreted  by  the  saliva.  The  ptyalism  following 
administration  of  mercury  is  probably  reflex  and  is  induced  by 
the  stomatitis  which  is  present  in  such  cases, 
(v.)  Galactorrhea  and  Seborrhoea. — The  pathology  of 


592 


MORBID  SECRETIONS  AND  EXCRETIONS. 


galactorrhea  and  of  seborrhea  is  unknown,  but  perhaps  they 
depend  upon  conditions  similar  to  those  which  obtain  in  the 
later  stages  of  "paralytic  secretion"  of  saliva.  When  the 
chorda  tympani  has  been  cut  there  results  a  hyper-secretion  of 
saliva  which  is  of  nervous  origin  and  which,  for  one  or  two 
days  after  division  of  the  chorda  tympani,  can  be  stopped  by 
division  of  the  sympathetic  on  the  same  side.  But  if  division 
of  the  sympathetic  be  delayed  for  more  than  about  two  days,  its 
section  has  no  effect  upon  the  flow  of  saliva  at  all ;  ptyalism 
goes  on  as  before,  but  brings  along  with  it  an  atrophy  of  the  gland. 
In  the  case  of  the  breast  and  sebaceous  glands,  definite  secretory 
nerves  are  not  known  to  exist,  so  that  we  cannot  speak  of  a  true 
"  paralytic  secretion."  But  just  as  local  changes  in  a  salivary 
gland  severed  from  its  nervous  connections  can  lead  to  a  hyper- 
secretion of  saliva,  so  it  is  possible  that  local  changes  in  breast 
or  in  sebaceous  glands  may  lead  to  a  hyper-secretion  of  milk  or 
of  sebum  respectively.  What  those  local  changes  are,  however, 
it  is  impossible  to  say. 

(vi.)  Mucus. — Eeference  has  already  been  made  to  mucus  in 
connection  with  the  mucoid  change  (p.  520).  Mucus  is  produced 
in  abnormally  large  quantities  whenever  a  mucous  membrane, 
whatever  its  situation,  is  subjected  to  the  action  of  an  irritant. 
Whether  animal  parasites  irritate  the  rectum  or  acrid  gases  the 
bronchi,  whether  a  polypus  irritates  the  cervix  uteri  or  gonococci 
the  conjunctiva,  the  result  is  always  an  excessive  formation  of 
mucus.  But  the  pathology  of  this  hyper-secretion  is  uncertain. 
We  know,  in  such  a  mucous  gland  as  the  submaxillary,  that 
storage  of  granules  occurs  in  the  cells  when  the  glands  are 
"  resting  "  or  when  the  sympathetic  is  stimulated ;  we  know  also 
that  some  at  least  of  these  granules  are  mucigenous  and  become 
converted  into  mucin  after  they  have  been  discharged  from  the 
cells.  But  whether  we  may  apply  this  knowledge  to  the  ex- 
cessive formation  of  mucus  that  accompanies  irritation  of  a 
mucous  membrane  is  doubtful.  For  in  the  mucous  membranes 
generally,  one  finds  simple  crypts  or  isolated  goblet-cells  rather 
than  glands  supplied  with  a  perfect  nervous  supply  such  as  that 
of  the  submaxillary  gland.    And  though  it  is  possible  that 
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excessive  formation  of  mucus  may  depend  upon  an  abnormally 
large  secretion  of  mucigen,  it  is  probable  that  the  process  ap- 
proximates more  closely  to  mucoid  degeneration. 

As  it  is  not  proposed  to  make  a  special  class  of  morbid  states 
in  which  the  secretions  and  excretions  are  discharged  in  abnor- 
mally small  quantities,  but  to  consider  conditions  such  as 
constipation,  anuria,  etc.,  under  another  heading,  it  will  be  well 
just  to  mention  here  that  morbid  states  are  known  in  which 
secretions  are  arrested  or  greatly  diminished.  Thus,  in  xerostomia, 
little  or  no  saliva  is  secreted,  with  the  result  that  the  mouth  is 
dry  and  the  tougue  becomes  cracked  ;  in  xeroderma,  secretion  of 
sebum  fails  and  the  skin  becomes  hard,  dry,  and  cracked.  In 
diabetes  mellitus,  and  in  renal  disease,  secretion  of  sweat  is 
diminished,  as  it  is  also  during  the  height  of  fever.  It  has  already 
been  said  that  there  is  reason  to  believe  that  in  fever  all 
digestive  secretions  are  diminished ;  in  the  case  of  saliva  this  is 
markedly  the  case.  The  pathology  of  many  of  these  conditions  is 
not  clear,  but  in  the  case  of  sweat  and  saliva  the  fundamental 
cause  is  probably  nervous. 

III.  Morbid  conditions  in  which  Substances  normally 
retained  are  discharged  from  the  Body. — This  class  of 
morbid  condition  becomes  highly  important  from  the  fact  that 
loss  of  material  which  is  normally  retained  within  the  body  leads 
to  mal-nutrition  and  wasting.  But  though  progressive  emacia- 
tion especially  characterises  the  diseases  of  this  group  it  also 
occurs  in  some  diseases  of  the  last  group.  Thus,  profuse  and 
continued  diarrhcea,  galactorrhea,  and  "  diabetes  insipidus  "  lead 
to  great  wasting,  while  the  excessive  sweating  that  occurs  in 
many  cases  of  pulmonary  tuberculosis  is  an  important  cause  of 
the  great  wasting  characteristic  of  consumptive  patients.  From 
this  point  of  view  the  last  group  is  but  a  special  sub-division  of 
the  present  one. 

The  chief  substances  that  call  for  notice  in  this  section  of  the 

present  chapter  are  (1)  blood,  (2)  albumin,  (3)  fat,  (4)  sugar, 

and  they  will  be  considered  in  this  order. 

(i.)  The  Substance  discharged  is  BLOOD. — The  whole 
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question  of  haemorrhage  having  been  considered  in  a  previous 
chapter  we  shall  leave  entirely  on  one  side  conditions  such  as 
epistaxis,  haemoptysis,  haematemesis,  menorrhagia,  metrorrhagia, 
haemophilia,  etc.,  in  which  the  morbid  condition  is  one  of 
haemorrhage  differing  only  in  detail  from  the  haemorrhage  that 
results  from  severing  an  artery.  Moreover,  the  blood  lost  in 
these  morbid  conditions  is  only  accidentally  found  in  a  secretion 
or  excretion — it  is  not  an  integral  part  thereof,  as  is  the  blood  in 
the  conditions  immediately  to  be  noticed.  Passing  over  the  rare 
cases  in  which  blood  is  secreted  with  the  sweat  (haemathidrosis), 
if  indeed  such  a  condition  really  exists,  we  have  to  consider  the 
loss  of  blood  in  (a)  the  faeces  and  in  (b)  the  urine. 

(a)  When  blood  is  passed  with  the  stools  it  may  either  present 
the  normal  appearance  of  blood,  or  a  condition  (melaena)  may  be 
produced  in  which  the  stools  are  of  the  appearance  and  consis- 
tency of  tar.  When  the  blood  is  of  normal  appearance  it/is 
certain  that  the  seat  of  haemorrhage  is  not  far  above  the  anus. 
Almost  any  morbid  condition  of  the  rectum  may  be  accompanied 
by  the  passage  of  bright  blood,  but  the  commonest  is  haemorrhoids. 
In  melaena,  on  the  other  hand,  the  seat  of  haemorrhage  may  be 
anywhere  in  the  alimentary  tract  down  probably  to  the  sigmoid 
flexure.  Thus  the  stools  may  be  tarry  if  profuse  bleeding  from  the 
nose  have  taken  place  and  the  blood  have  been  swallowed,  though 
a  far  commoner  cause  of  melaena  is  the  gastric  haemorrhage  which 
arises  in  the  course  of  either  gastric  ulcer  or  alcoholic  cirrhosis 
of  the  liver.  So,  too,  melaena  occurs  when  the  seat  of  haemorrhage 
is  a  duodenal  ulcer  or  a  typhoid  ulcer  of  the  ileum.  When 
bleeding  takes  place  from  the  mucous  membrane  of  the  lower 
portion  of  the  colon,  the  blood  is  not  subjected  to  digestive 
processes  either  in  the  same  degree,  or  for  the  same  length  of  time, 
as  it  is  when  poured  out  high  up  in  the  alimentary  canal,  and 
the  blood  itself  is  therefore  less  altered.  In  ulcerative  colitis, 
for  example,  though  haemorrhage  is  fairly  constant,  the  stools 
are  not  tarry,  though  they  may  be  dark ;  often  they  show  the 
presence  of  solid  masses  of  disintegrating  blood-clot.  The 
colour  of  the  stools  in  melaena  is  due  to  the  presence  in  them  of 
sulphide  of  iron  formed  by  combination  of  the  sulphuretted 
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hydrogen  present  in  the  lower  bowel  with  the  iron  of  the  disin- 
tegrated haemoglobin. 

(b)  In  considering  the  morbid  conditions  in  which  blood  is 
lost  to  the  body  in  the  urine,  we  may  omit  mention  of  those 
cases  in  which  the  blood  comes  from  urethra,  prostate,  or  bladder, 
for  they  are  strictly  comparable  with  cases  in  which  blood  is 
lost  from  the  lower  end  of  the  bowel  Whether  from  the 
presence  of  a  polypus,  ulcer,  or  from  any  other  cause,  blood  is 
poured  out  and  is  passed  either  in  unaltered  condition  or  as 
blood-clot  in  both  cases.  In  passing,  however,  it  may  be 
mentioned  that  the  chief  parasitic  cause  of  hematuria — the  ova  of 
Bilharzia  hcematobia  1 — is  found  in  the  blood-vessels  of  the  vesical 
wall,  and  by  causing  their  rupture  leads  in  large  measure  to  the 
hematuria  that  is  characteristic  of  infection  by  this  hsematozoon. 
In  the  case  of  the  rectum  we  have  a  parallel  condition,  for, 
according  to  Guillemard,  passage  of  blood  by  the  bowel  may 
sometimes  be  one  of  the  earliest  signs  of  infection  by  Bilharzia.2 

1  Bilharzia  hcematobia  is  a  trematode  platyhelminth  or  fluke,  which  inhabits 
the  veins  of  man,  monkeys,  and  probably  also  cattle  and  dogs.  Though  the 
flukes  are  for  the  most  part  hermaphrodite,  in  this  species  the  sexes  are  distinct. 
The  male  is  7-16  mm.  in  length,  and  the  lateral  margins  of  the  body  are  bent 
over  ventrally  to  form  a  channel — the  gyntecophoric  canal — in  which  the  female 
lies  during  copulation.  The  female  is  about  20  mm.  in  length,  darker  and  finer 
than  the  male.  The  ovum,  which  is  most  important  as  it  is  the  cause  of  symp- 
toms in  the  disease,  can  usually  be  recognised  with  ease  in  the  urine  ;  it  is  an  oval 
body  of  which  the  length  is  about  -12  mm.  and  the  breadth  about  '06  mm.  The 
egg  case  is  transparent  and  through  it  the  embryo  can  readily  be  seen.  At  one  pole 
the  ovum  ends  in  a  small  but  acutely  pointed  spine  which  is  quite  characteristic. 
The  embryo  within  the  ovum  is  as  a  rule  nearly  mature,  and  in  pure  water  the 
ovum  often  hatches  in  two  or  three  minutes.  The  young  worm  is  covered  with 
cilia  over  the  whole  body  excepting  the  mouth,  and  darts  to  and  fro  with  great 
rapidity.  The  life  history  of  the  animal  is  unknown  as  is  also  the  mode  of 
infection:  in  those  countries  in  which  endemic  hsematuria  occurs  (viz.,  Egypt, 
Cape  Colony,  Natal,  Transvaal,  and  discontinuously  over  the  whole  of  Africa),  it 
is  commonly  held  that  the  parasite  gains  entrance  to  the  body  during  river- 
bathing,  and  there  are  reasons  for  believing  that  this  view  may  be  correct.  In 
the  human  body  Bilharzia  may  be  found  in  various  parts,  but  its  focus  appears 
to  be  the  smaller  branches  of  the  portal  vein.  The  ova  are  deposited  in  the  finer 
communications  between  the  portal  and  the  systemic  venous  systems,  and  it  is  for 
this  reason  that  bladder,  rectum,  kidneys,  and  ureters  are  the  principal  parts 
affected. 

2  Anchylostomum  duodenale,  which,  so  far  as  loss  of  blood  is  concerned,  bears 
the  same  relation  to  the  intestine  as  does  Bilharzia  to  the  urinary  organs,  "  some- 
times though  rarely  causes  the  stools  to  have  a  reddish-brown  tinge  from  san- 
guineous admixture  "  (Manson). 
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The  morbid  conditions,  therefore,  with  which  we  shall  especially 
be  concerned  are  (a)  those  in  which  red  blood-corpuscles  appear 
in  the  urine  as  the  result  of  changes  in  the  kidney,  and  (ft)  those 
in  which  hsemoglobin  appears  in  the  urine  as  the  result  of 
changes  in  the  blood. 

(a)  Hcematwria  of  Renal  Origin. — When  renal  changes  lead  to 
the  appearance  of  blood-corpuscles  in  the  urine,  the  urine  may 
present  every  gradation  of  colour  from  an  apparently  normal 
yellow  to  a  condition  in  which  the  liquid  is  apparently  pure 
blood.  This,  of  course,  depends  upon  the  number  of  red  blood- 
corpuscles  present.  But  in  a  large  number  of  cases  the  urine  is 
not  red  at  all,  but  has  a  peculiar  "  smoky  "  appearance,  which  is 
seen  on  microscopic  examination  to  be  due  to  the  presence  of 
discrete  red  blood-corpuscles.  The  corpuscles  in  urine  do  not 
preserve  their  normal  biconcave  shape,  they  may  become  spheri- 
cal or  crenate,  and  they  lose  the  tendency  to  agglomerate^-itr 
rouleaux.  Hematuria  dependent  upon  kidney  changes  is  generally 
due  to  acute  nephritis  or  to  renal  calculus  or  to  malignant 
disease ;  occasionally,  but  very  rarely,  blood  is  found  in  the  urine 
when  the  kidney  is  the  seat  of  tubercular  disease.  Hematuria 
due  to  laceration  of  the  kidney  by  violence  does  not  call  for 
special  consideration. 

The  hematuria  of  acute  nephritis  is  merely  a  special  example 
of  the  law  that  in  inflammation,  when  congestion  is  very  acute, 
diapedesis  of  red  blood-corpuscles  is  a  prominent  symptom.  In 
accordance  with  this  statement  we  find  that  hematuria  is  an 
early  sign  of  acute  nephritis ;  "a  man  gets  drunk,  sleeps  in  a 
ditch,  and  passes  bloody  urine  the  next  morning."  So  also  the 
escape  of  blood  is  most  marked  in  those  situations  where  blood- 
vessels are  most  numerous,  viz.,  the  glomeruli.  A  section  of 
a  kidney  in  the  earliest  stage  of  acute  nephritis  shows  the 
glomerular  blood-vessels  engorged,  often  ruptured,  and  the 
glomerular  space  crammed  with  red  blood-corpuscles ;  often,  too, 
solid  cylinders  of  corpuscles  block  the  tubules  for  a  greater  or 
less  portion  of  their  length.  If  the  patient  survives,  as  the  in- 
flammation becomes  more  chronic  the  hematuria  passes  off,  but 
it  is  many  months  before  corpuscles  are  completely  absent  from 
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the  urine.  Hematuria  is  common  to  nephritis  of  all  kinds,  so 
long  as  it  is  early  and  of  some  severity,  but  it  is  especially  well 
marked  in  nephritis  due  to  cold  or  to  poisoning  by  cantharides  or 
oil  of  turpentine.  Changes  in  the  kidney  sufficiently  severe  to 
allow  the  passage  of  blood-corpuscles  through  the  glomerular 
blood-vessels  lead  to  other  changes  in  the  urine  to  which  reference 
will  be  made  later. 

The  haematuria  accompanying  renal  calculus  is  essentially  due 
to  traumatism  of  the  kidney  substance  or  of  the  pelvis  of  the 
kidney,  and  the  haematuria  will  be  marked  or  slight  according  as 
the  physical  characters  of  the  calculus  render  it  more  or  less 
likely  to  produce  lacerations ;  a  smooth  uric  acid  calculus  produces 
less  haematuria  than  a  rough  and  tuberculated  calculus  composed 
of  calcium  oxalate.  As  might  be  expected,  it  is  characteristic  of 
this  type  of  haematuria  that  it  is  aggravated  by  exercise  or  jolting. 
Calculous  hematuria  calls  for  no  special  remark.  Unless  there 
be  complications,  the  urine  itself,  considered  apart  from  the 
blood,  approximates  closely  to  the  normal  in  characters  and  in 
quantity. 

Haematuria  accompanying  malignant  disease  of  the  kidney  may 
be  due  either  to  haemorrhage  from  the  kidney  substance  itself 
(congestion  of  the  kidney  being  induced  by  the  irritant  action  of 
the  new-growth),  or  to  haemorrhage  from  the  malignant  growth. 
In  the  former  case  there  is  nothing  peculiar  with  reference  to 
the  haematuria,  but  if  there  be  disintegration  of  the  malignant 
growth  and  haemorrhage  come  from  it,  cells  or  even  small 
portions  of  the  neoplasm  itself  may  be  found  in  the  urine. 

(/3)  Hemoglobinuria. — But  blood  is  not  always  lost  to  the 
body  in  a  corpuscular  form.  Morbid  conditions  are  known  in 
which  the  urine  contains  dissolved  haemoglobin. 

The  urine  in  haemoglobinuria  may  present  macroscopic 
characters  identical  with  those  of  haematuria,  it  may  be  pink 
or  blood-red,  or  the  colour  of  porter ;  but  it  never  presents  a 
"  smoky  "  appearance.  Microscopic  examination,  however,  suffices 
to  distinguish  haemoglobinuria  from  haematuria  at  once,  for  in 
haemoglobinuria,  blood-discs  are  absent  from  the  urine.  Spectro- 
scopic examination  of  the  urine  shows  the  presence  of  the  well- 


598 


MORBID  SECRETIONS  AND  EXCRETIONS. 


known  absorption  bands  of  oxy-haemoglobin  (in  the  yellow  and 
the  green  between  the  solar  lines  D  and  E),  and  in  addition 
a  broad  band  in  the  red  between  C  and  D  but  nearer  C,  the 
absorption  band  of  methaemoglpbin.  On  heating  urine  contain- 
ing haemoglobin  a  precipitate  is  thrown  down,  or  in  marked  cases 
the  urine  may  become  solid ;  the  precipitate  consists  of  globulin 
coloured  with  blood-pigment. 

Haemoglobinuria  occurs  in  all  cases  in  which  there  is  extensive 
destruction  of  red  blood-corpuscles  and  solution  of  haemoglobin 
in  the  blood-plasma.  It  occurs  after  transfusion  with  actual 
blood  whether  before  or  after  defibrination,  and  especially  if  the 
blood  have  been  derived  from  an  animal  differing  in  species 
from  that  into  which  it  is  transfused.  According  to  Cohnheim, 
it  occurs  in  animals  after  extensive  superficial  burns,  but 
whether  this  is  also  true  for  human  beings  is  doubtful.  It  has 
been  recognised  in  man  after  poisoning  with  chlorate  of  potash, 
nitro-benzol,  arseniuretted  hydrogen,  hydrochloric,  sulphuric, 
and  carbolic  acids;  in  some  of  these  cases  the  presence  of 
haemoglobin  dissolved  in  the  blood-plasma  has  been  recognised 
during  life.  Winckel  relates  the  history  of  an  epidemic  which 
killed  twenty-three  out  of  twenty-four  new-born  infants  who 
were  attacked  in  a  lying-in  institution  in  Dresden  ;  no  explana- 
tion could  be  given  of  this  epidemic. 

But  the  most  important  as  well  as  the  most  interesting  forms 
of  hemoglobinuria  are  those  which,  from  certain  of  their 
characteristics,  seem  to  have  relationships  with  malaria. 

According  to  Fayrer,  haemoglobinuria  is  apt  to  occur  in  some 
forms  of  malarial  fever,  and  Crosse  has  shown  that  this  occurs 
much  more  frequently  in  Africa  and  other  tropical  regions 
than  in  India.  Besides  its  appearance  as  a  symptom  or  com- 
plication of  malaria,  there  occurs,  especially  in  western  Equatorial 
Africa,  a  disease  which  is  known  by  the  names  of  "  haemoglobin- 
uric  "  or  "  blackwater  "  fever.  Next,  a  condition  is  occasionally 
met  with  in  temperate  climates  in  which  the  patient,  without 
otherwise  suffering  greatly,  passes  from  time  to  time  urine  con- 
taining haemoglobin.  And  lastly,  in  patients  of  the  last  category 
a  mild  attack  may  not  lead  to  a  paroxysm  of  haemoglobinuria 
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but  to  a  paroxysm  of  albuminuria.  Four  closely  allied  con- 
ditions are  therefore  known:  (1)  malarial  hemoglobinuria,  (2) 
hemoglobinuria  fever,  (3)  paroxysmal  hemoglobinuria,  (4) 
paroxysmal  albuminuria. 

Now,  so  far  as  the  blood  condition-  is  concerned,  there  is  a 
great  similarity  between  the  first  three  of  these  conditions.  It 
has  already  been  said  that  destruction  of  red  blood-corpuscles 
is  characteristic  of  malarial  fevers,  and  though  the  plasma  does 
not  usually  contain  dissolved  hemoglobin,  it  is  not  difficult 
to  believe  that  such  should  sometimes  be  the  case,  especially 
when  it  is  remembered  that  malaria  accompanied  by  hemo- 
globinuria is  malaria  of  a  severe  type.  In  haemoglobinuric  fever 
there  is  no  doubt  that  severe  blood  changes,  and  especially 
hemolysis,  occur ;  moreover,  the  corpuscles  are  paler  than  normal 
and  the  plasma  is  reddened.  In  paroxysmal  hemoglobinuria, 
Ehrlich  found  in  a  woman  subject  to  the  disease,  when  he  bound 
an  elastic  bandage  round  one  of  her  fingers  and  caused  her  to 
place  it  in  water  at  0°  C.  for  a  quarter  of  an  hour,  that  the  red 
blood-corpuscles  were  broken  up  and  the  blood-plasma  took 
on  a  markedly  pink  colour ;  the  changes  do  not  occur  under 
similar  conditions  in  a  normal  person. 

With  regard  to  etiology,  also,  certain  points  of  resemblance 
may  be  noted.  In  the  case  of  malaria  the  existence  of  an  animal 
parasite  as  cause  of  the  disease  is  undoubted,  and  there  is  no 
difficulty  in  understanding  the  pathology  of  malarial  hemo- 
globinuria. The  pathology  of  hemoglobinuric  fever  is  not  quite 
so  clear ;  it  occurs  in  regions  where  malaria  is  most  severe,  and 
in  the  blood  of  patients  suffering  from  hemoglobinuric  fever 
the  existence  of  animal  parasites  has  been  described,  but  they 
have  not  always  been  found  with  the  constancy  that  might  be 
expected  if  the  disease  is  purely  malarial,  nor  are  the  characters 
of  such  micro-organisms  as  have  been  described  very  definite. 
Though  one  must  speak  with  some  reserve,  one  is  nevertheless 
probably  correct  in  regarding  hemoglobinuric  fever  as  dependent 
upon  the  presence  in  the  blood  of  an  animal — perhaps  the 
malarial — parasite.  In  the  cases  of  paroxysmal  hemoglobinuria 
and  albuminuria,  the  relationship  of  these  conditions  to  exposure 
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to  cold  is  undoubted.  In  a  person  subject  to  either  of  them, 
exposure  to  cold  for  a  few  minutes  leads  to  hemoglobinuria  or 
albuminuria,  which  may  last  perhaps  for  an  hour  or  two,  perhaps 
for  a  whole  day.  The  degree  of  cold  to  which  the  patient  must 
be  exposed  in  order  to  induce  an  attack  is  variable,  but  always 
very  slight,  as  compared  with  that  which  can  be  borne  by  a 
healthy  person  without  any  discomfort  whatever.  Standing  in  a 
draught  of  air  for  a  short  time,  thrusting  the  arms  or  feet  into 
cold  water  will  bring  on  an  attack.  The  patient  is  in  most  cases 
conscious  of  no  discomfort,  but  notices  the  next  time  he  passes 
water  that  the  urine  is  the  colour  of  porter  ;  with  each  successive 
micturition  it  becomes  paler  until,  after  the  bladder  has  been 
emptied  three  or  four  times,  the  urine  is  again  normal.  Where 
the  condition  is  albuminuric  and  not  hsemoglobinuric,  of  course, 
the  condition  is  only  recognised  by  chemical  examination.1 

Now  there  are  two  connecting  links  between  the  severe  forms, 
malarial  hemoglobinuria  and  hemoglobinuria  fever\  anji  the 
slight  forms,  paroxysmal  hsemoglobinuria  and  paroxysmal  albu- 
minuria. Firstly,  paroxysmal  hsemoglobinuria  and  albuminuria, 
like  malaria,  yield  more  readily  to  quinine  than  to  any  other 
drug.  In  this  respect  haemoglobinuric  fever  is  exceptional,  for  it 
is  agreed  by  most  of  the  competent  authorities  that  not  only  is 
quinine  useless,  it  is  positively  injurious.  Secondly,  exposure  to 
cold  is  a  predisposing  cause  to  attack  in  the  case  of  each  disease. 
With  regard  to  paroxysmal  hemoglobinuria  and  paroxysmal 
albuminuria,  we  have  already  spoken,  but  it  is  a  matter  of 
common  knowledge  that  change  of  residence  to  a  cooler  climate 
is  often  at  first  accompanied  by  malarial  attacks  in  a  person  who 
has  lived  in  a  malarial  district,  though  when  living  in  that  dis- 
trict he  may  have  been  free  from  attacks.  The  same  is  true  also 
of  haemoglobinuric  fever. 

1  Hemoglobinuria  is  also  sometimes  seen  in  man  as  the  result  of  muscular 
exertion.  Thus  Leo  Dickinson  reports  three  cases  in  which  the  condition  occurred 
after  athletic  exercises,  and  adverts  to  other  recorded  cases.  Apparently  it  is  not 
necessary  that  the  muscular  exertion  should  be  extraordinarily  severe,  occasion- 
ally, walking  is  sufficient.  The  haemolysis  has  been  ascribed  to  poisoning  by 
accumulated  carbonic  acid.  Besides  a  hsemoglobinuria,  an  albuminuria  from 
exertion  is  also  known,  and  it  is  important  to  note  that  sometimes  the  two  con- 
ditions alternate  in  the  same  patient. 
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It  is  probable,  therefore,  that  there  is  some  connecting  link 
between  the  four  morbid  conditions.  But  whether  this  concerns 
the  aetiology  of  the  disease,  and  suggests  that  hematozoa  should 
be  sought  for  in  paroxysmal  hemoglobinuria  and  paroxsymal 
albuminuria,  or  whether  it  suggests  that  the  same  unduly  labile 
condition  of  red  blood-corpuscles  exists  in  all  four  diseases,  and 
can  be  produced  by  different  causes  in  each,  it  is  impossible  to 
say.  Bearing  in  mind  the  fact  that  toxic  hemoglobinuria  is 
with  certainty  known  to  exist,  the  latter  suggestion  seems  more 
probable,  for  in  toxic  hemoglobinuria  there  is,  of  course,  no 
question  of  a  hematozoon.  But  if  a  labile  condition  of  the  red 
blood-corpuscles  be  the  fundamental  cause  of  hemoglobinuria,  it 
probably  depends  upon  some  chemical  change  induced  by  toxic 
substances,  and  here  we  are  met  by  the  difficulty  that  there  is  at 
present  a  complete  lack  of  evidence  that  toxic  substances  are 
formed  by  hematozoa  of  any  description. 

(ii.)  The  Substance  discharged  is  ALBUMIN. — It  seems 
at  first  sight  unreasonable  to  distinguish  cases  in  which  blood  is 
discharged  from  the  body  along  with  the  secretions  or  excretions 
from  cases  in  which  albumin  is  discharged,  considering  that  blood 
is  an  albuminous  fluid.  But  the  distinction  is  advisable  because 
of  the  clinical  differences  between  the  two  groups  of  cases.  To 
the  physician  and  surgeon,  hematuria  and  albuminuria,  for 
example,  are  terms  calling  up  different  mental  pictures,  though 
with  hematuria  there  is  albumin  in  the  urine,  and  with  albumin- 
uria there  is  generally  present  a  smaller  or  larger  number  of  red 
blood-corpuscles. 

It  is  a  remarkable  fact  that,  with  one  great  exception,  none  of 
the  materials  that  leave  the  normal  body  contain  albumin,  or,  at 
most,  contain  it  in  the  merest  traces ;  feces,  urine,  sweat,  tears, 
sebum,  are  normally  free  from  albumin.  It  is  only  in  connec- 
tion with  processes  of  reproduction  that  the  normal  body  departs 
from  the  rule ;  menstrual  blood,  semen,  the  products  of  concep- 
tion, milk  are  albuminous.  To  maintenance  of  the  species  alone 
is  the  benefit  of  the  individual  subordinated. 

In  disease,  on  the  other  hand,  the  body  often  suffers  loss  of 
albumin,    It  may  be  lost  in  feces  or  in  urine,  in  inflammatory 
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exudations,  in  pus,  in  peritoneal  and  pleural  effusions,  in  oedema 
fluid,  and  so  forth.  A  less  evident  but  even  a  more  severe  loss 
occurs  where  albumin  is  used  for  the  nutrition  of  a  tissue  physio- 
logically outside  the  body,  such  for  example  as  a  new-growth. 
But  with  most  of  these — important  though  they  are — we  are  not 
immediately  concerned,  as  the  albumin  is  not  lost  with  a  secretion 
or  excretion.  We  have  here  only  to  discuss  loss  of  albumin  by 
the  bowel  and  by  the  kidney. 

Before  going  further  it  is  necessary  to  mention  what  is 
signified  in  this  connection  by  the  word  "albumin."  In  the 
vast  majority  of  cases  serum-albumin  and  serum-globulin  are 
the  two  varieties  with  which  we  shall  be  concerned,  but  in 
some  cases  albumoses,  and  in  others  nucleo-proteids,  will  claim 
attention.  Discharge  of  undigested  proteid  food,  whether  by 
vomiting  or  by  the  bowel,1  will  not  detain  us. 

(a)  Loss  of  Albumin  by  the  Bowel. — Loss  of  albumin  in  the 
faeces  is  apparently  not  a  common  condition ;  but  though  the 
subject  has  not  received  great  attention,  a  few  important  con- 
ditions are  known  in  which  it  occurs.  A  priori,  one  would 
not  expect  to  meet  many  forms  of  disease  accompanied  by  loss 
of  albumin  in  the  stools.  For  when  one  bears  in  mind  that 
digestion  and  absorption  of  proteid  is  one  of  the  chief  functions 
of  the  intestine,  and  that  the  intestine  normally  contains 
myriads  of  bacteria  which  break  up  proteid,  it  is  clear  that  we 
must  not  expect  to  find  large  amounts  of  albumin  in  the  stools, 
unless  (1)  the  morbid  process  involving  the  intestine  is  of 
extreme  severity,  or  (2)  the  portion  of  intestine  affected  is  not 
far  removed  from  the  anus.  When  we  find  in  so  severe  a  disease 
as  Asiatic  cholera,  in  which  the  mucous  membrane  of  the 
entire  intestinal  tract  is  congested  and  swollen  or  even  shows 
local  excoriations  or  ulcers,  that  the  evacuations  contain  not  more 
than  "2-2  per  cent,  of  albumin  (Parkes),  it  is  intelligible  that  in 
mild  forms  of  diarrhoea,  albumin  should  be  absent.    Hence  in  the 

1  The  fact  that,  after  extirpation  of  the  pancreas  in  dogs  (Abelmann)  and  in 
obstruction  of  the  pancreatic  duct  in  man  (Vaughan  Harley),  absorption  of  pro- 
teid by  the  intestine  is  considerably  reduced,  and  therefore  undigested  proteid 
given  in  the  food  appears  in  the  stools,  may  just  be  mentioned. 
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large  majority  of  cases  presence  of  albumin  in  the  stools  may  be 
taken  as  evidence  of  disease  affecting  the  lower  part  of  the 
large  intestine.  The  most  important  disease  in  which  albumin 
is  discharged  by  the  bowel  is  that  which  is  known  under  the 
name  of  "dyspeptic  membranous  colitis"  (Hale  White)  or 
"  desquamative  enteritis  "  (Light).  In  it  complete  tubular  casts 
of  the  intestine  are  evacuated,  usually  one  to  six  inches  but 
sometimes  several  feet  in  length ;  the  membrane  is  laminated 
and  "chemically  consists  of  albumin;  it  contains  no  fibrin" 
(Hale  White).  In  other  diseases  of  the  larg*  intestine  it  is  not 
known  that  albumin  (apart  from  that  which  is  contained  in 
blood)  is  discharged;  mucus  is  certainly  discharged  in  many 
of  these  diseases  and  in  large  quantities,  but  whether  albumin 
is  also  discharged  is  at  present  uncertain. 

(b)  Albuminuria. — The  term  albuminuria  is  used  to  cover 
all  conditions  in  which  a  substance  yielding  the  ordinary 
proteid  reactions  and  not  blood  is  present  in  the  urine.  In 
albuminuria  the  proteid  is  essentially  in  solution,  though  in 
many  of  the  more  severe  cases  solid  proteid  is  present  in  the 
form  of  "casts"  of  the  urinary  tubules.  The  proteid  in  albu- 
minous urine  is,  in  the  great  majority  of  cases,  a  mixture  of 
serum-albumin  and  serum-globulin,  the  proportions  of  which  to 
one  another  vary  in  different  cases  and  according  to  circum- 
stances with  which  we  are  at  present  ignorant.  In  other  cases 
the  proteid  is  an  albumose,1  and,  according  to  von  Friedlander, 
in  yet  others  a  nucleo-albumin.  According  to  the  differences 
between  their  proteid  constituents  the  chemical  properties  of 
the  urine  vary;  urines  containing  serum-albumin  and  serum- 
globulin  throw  down  a  coagulum  on  heating  if  the  urine  be 
slightly  acid,  those  containing  albumose  do  not  throw  down  a 
coagulum  on  heating  but  do  so  on  saturation  with  ammonium 
sulphate  or  on  addition  of  large  quantities  of  alcohol,  and  so  on. 

1  It  was  for  some  time  held  that  the  urine  contains  peptone  in  certain  morbid 
conditions  and  the  name  "  peptonuria"  was  coined,  but  with  advance  of  know- 
ledge as  to  the  characteristics  of  the  albumoses  it  was  shown  that  the  "peptone  " 
is  not  true  peptone  but  in  reality  "albumose."  Hence  the  condition  is  now 
commonly  known  as  " albumosuria."  In  the  same  way  it  will  be  necessary  to 
separate  from  "albuminuria"  a  sub-class,  "  nucleo-albuminuria." 
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But  with  chemical  differences  of  this  description  we  are  not 
concerned,  they  must  be  sought  in  works  on  physiological 
and  pathological  chemistry. 

The  first  question  that  naturally  arises  in  enquiring  into  the 
pathology  of  albuminuria  is,  Why  is  the  normal  urine  free  from 
albumin  ?  If  we  could  answer  this  question  satisfactorily  we 
should  be  far  on  the  way  towards  a  knowledge  of  the  pathology 
of  albuminuria,  but  unfortunately  we  can  derive  little  help 
from  physiology  in  this  respect.  Indeed  it  is  more  just  to  say 
that  upon  this  point  the  processes  of  pathology  have  taught  to 
physiology  the  little  that  she  knows. 

At  first  sight  one  might  suspect  that  the  answer  is  to  be 
found  in  the  slowness  with  which  diffusion  and  filtration  of 
albumin  take  place.  And  when  Leube,  Munn,  Furbinger  and 
others  stated  that  one  out  of  seven  or  eight  healthy  individuals 
passes  albumin  in  the  urine,  and  when  Senator  came  to  the 
conclusion  that  slight  albuminuria  is  a  physiological  phenome- 
non, it  was  believed  by  many  that  the  filtration  hypothesis  of 
Ludwig  sufficiently  explains  the  freedom  or  comparative  freedom 
of  the  urine  from  albumin.  But  against  all  such  beliefs  there 
was  advanced  the  incontrovertible  fact  discovered  by  Stokvis, 
that  when  dissolved  egg-albumin  is  injected  directly  into  a  vein 
or  beneath  the  skin,  an  albuminuria  sets  in  which  lasts  until  all 
the  egg-albumin  has  been  removed  from  the  body.  Differences 
in  rates  of  diffusion  and  filtration  between  these  two  varieties 
of  albumin  are  insufficient  to  explain  this  fact. 

This  step  having  been  made,  it  was  natural  to  turn  from  the 
"  filtering  "  fluid  and  look  towards  the  "  filter !'  for  an  explana- 
tion. At  the  time  when  Ludwig  was  formulating  his  filtration 
hypothesis  for  urine-formation,  the  vital  theory  of  Bowman 
claimed  many  adherents.  This  theory,  which  regarded  the 
urine  as  a  secretion  and  not  as  a  filtrate,  was  supported  and 
advanced  by  Heidenhain,  Nussbaum,  and  others.  It  is  unneces- 
sary here  to  enter  into  details  of  experimental  work  that  is 
fully  discussed  in  treatises  upon  physiology,  but  as  the  result  of 
this  work  it  was  shown  conclusively  that  certain  constituents 
of  the  blood,  normal  and  abnormal,  are  removed  by  the  epi- 
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thelial  cells  of  the  convoluted  tubules  and  the  ascending  limbs 
of  the  loops  of  Henle.  Moreover,  it  was  shown  that  though  no 
sugar  is  removed  by  the  kidney  when  it  is  present  in  the  blood 
in  quantities  less  than  about  1  per  mille.,1  when  it  exceeds  this 
amount  the  urine  contains  sugar  until  the  blood  has  again 
reached  the  normal.  So  also  the  kidney  removes  urea  from  the 
blood  and  leaves  sugar  behind,  though  the  blood  normally  con- 
tains four  or  five  times  as  much  sugar  as  it  does  urea.  When, 
therefore,  it  became  evident  that  the  kidney  removes  egg- 
albumin  at  once  and  leaves  serum -albumin  behind,  if  the  two 
varieties  are  presented  to  it  side  by  side,  the  view  was  advanced 
that  the  freedom  of  urine  from  albumin  depends  upon  a  failure 
of  the  living  renal  cells  to  exert,  in  the  case  of  serum-albumin, 
a  secretory  power  which  they  exert  in  the  case  of  egg-albumin. 
Or  more  exactly,  it  was  held  that  the  normal  kidney-cells 
vitally  excrete  egg-albumin  but  resist  the  passage  of  serum- 
albumin. 

Nussbaum's  well-known  experiment  of  tying  the  renal  artery 
in  the  frog  seems  to  show  that  in  that  animal,  restraint  of  the 
passage  of  albumin  into  the  urine  is  a  function  of  the  epi- 
thelium of  the  Malpighian  tufts;  for  Nussbaum  found  that 
after  ligature  of  these  vessels,  which  supply  the  glomeruli, 
egg-albumin  injected  into  the  circulation  is  no  longer  excreted. 
But  though  a  great  advance  has  been  made  in  locating  the 
cause  of  the  freedom  of  normal  urine  from  albumin  in  the 
kidney,  and  perhaps  especially  in  the  Malpighian  tufts,  we  are 
still  ignorant  of  the  true  explanation  of  the  phenomenon.  The 
kidney  can  without  doubt  excrete  egg-albumin,  but  could  it,  if 
necessity  arose,  excrete  serum-albumin  ?  In  other  words,  we 
are  still  ignorant  whether  the  freedom  of  normal  urine  from 
albumin  depends  upon  a  mechanical  barrier  presented  by 
normal  renal  epithelium,  or  whether  it  depends  upon  the  fact 

1  The  values  given  for  the  amount  of  sugar  that  may  be  present  in  the  blood 
without  (easily  recognised  ?)  glycosuria  vary  from  '5  (Saundby)  to  3-4  (Stewart) 
per  mille.  Pavy  reckons  the  amount  as  about  1  per  mille. ,  and  probably  he  is  most 
nearly  correct.  It  must  be  remembered  that  the  normal  percentage  of  sugar  in 
blood  varies  in  different  animals.  The  statement  made  in  the  text  forms  a  part 
of  the  whole  controversy  concerning  sugar  and  the  fate  of  sugar  in  the  body  ;  it 
will  be  considered  with  diabetes  mellitus. 
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that  under  normal  conditions  the  renal  epithelium  does  not 
"choose"  to  excrete  serum-albumin.  If  the  first  explanation 
be  the  true  one,  we  should  expect  to  find  that  albumin  appears 
in  the  urine  only  when  the  barrier  is  broken  down;  if  the 
second  explanation  be  the  true  one,  we  should  expect  to  find 
that  under  certain  conditions  the  normal  renal  epithelium  does 
"  choose "  to  excrete  serum-albumin.  This  brings  us  to  our 
legitimate  study — the  pathology  of  albuminuria. 

Study  of  the  pathology  of  the  kidney  having  proceeded  along 
with  study  of  its  physiology,  the  views  that  have  been  held 
with  regard  to  the  pathology  of  albuminuria  have  changed 
from  time  to  time.  When  the  freedom  of  normal  urine  from 
albumin  was  held  to  depend  upon  special  properties  of  the 
"  filtering  "  fluid,  the  presence  of  albumin  in  albuminous  urine 
was  held  to  depend  upon  an  abnormal  diffusion  or  filtration  of 
albumin.    There  were  two  principal  views  upon  this  point. 

On  the  one  hand  it  was  held  that  the  albumin  of  the  blood 
becomes  changed  in  composition  in  diseases  accompanied  by  albu- 
minuria, and  that  owing  to  this  change  in  composition  the  albumin 
filters  easily  through  the  kidney.  This  view  was  largely  given 
up  when  it  was  found  that  the  proteids  of  albuminous  urine  are 
the  same  as  those  present  in  normal  blood,  i.e.,  serum-albumin 
and  serum-globulin.  Stokvis  finally  proved  its  inaccuracy  by 
showing  that  when  the  albuminous  urine  of  patients  suffering 
from  Bright's  diseasejs^,  injected  into  the  ^ircjilation  oLnormal 
animals,  there  is  no  escape  of  albumin  by  their  kidneys. 
Senator  held  this  view  in  a  modified  form ;  influenced  by  our 
knowledge  as  to  the  effects  of  dissolved  salts  upon  the  filtration 
of  solutions  of  albumin,  he  considered  that  an  unusual  richness 
of  the  blood  in  salts,  and  especially  in  urea,  might  perhaps  give 
rise  to  an  escape  of  albumin  into  the  urine. 

On  the  other  hand,  it  was  held  (and  by  a  far  larger  number 
oi  authorities),  that  albuminuria  depends  upon  an  abnormality 
of  the  glomerular ' blood-pressure.  At  first  this  alteration  was 
considered  to  be  in  the  direction  of  increase,  partly  on  the 
analogy  of  filtration  experiments  generally,  and  partly  because 
there  is  evidence  in  many  pathological  conditions  accompanied 
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by  albuminuria  that  the  blood-pressure  is  raised.  But  after 
Kuneberg  had  shown  that,  when  an  albuminous  fluid  is  filtering 
through  an  animal  membrane,  the  percentage  composition  of 
the  filtrate  in  albumin  varies  inversely  with  the  pressure  under 
which  filtration  is  taking  place,  there  was  a  tendency  to  regard 
albuminuria  as  dependent  upon  a  lowe^incrjxf^^ojn^^ 
pressure.  Support  for  this  view  was  afforded  by  the  fact  that 
albuminuria  is  a  very  frequent  accompaniment  of  febrile  and 
other  diseases  in  which  there  is  reason  to  believe  that  the  blood- 
pressure  is  lowered. 

But  these  views  lost  ground  when  it  became  recognised  that 
the  kidney  itself  exerts  an  important  influence  upon  the  com- 
position of  the  urine.  Henceforward  albuminuria  was  regarded 
as  dependent  upon  abnormal ty_of  renal  epithelium  (the  "filter  "), 
and  this  is  the  view  held  at  the  present  day. 

Though  there  are  several  points  upon  which  there  is  not 
universal  agreement,  the  modern  explanation  of  albuminuria  is 
fundamentally  mechanical.  The  mechanical  barrier  presented 
to  the  escape  of  haemal  albumin  by  normal  renal  epithelium  is 
broken  down  and  the  albumin  is  mechanically  forcedjhrough  a 
more  permeable  membrane. 


The  actual  portion  of  the  kidney  which  undergoes  change  and 
leads  to  albuminuria  is,  however,  uncertain.  In  this  connection 
we  have  to  consider  (A)  the  glomeruli,  (B)  the  tubular  epithelium, 
(C)  the  blood-vessels. 

A.  The  Glomeruli. — Nussbaum's  experiments  would  seem  to 
indicate  that  it  is  the  epithelium  of  the  Malpighian  tufts  which 
is  at  fault  in  the  production  of  albuminuria,  and  there  is  other 
evidence  in  favour  of  this  view.  Eibbert,  having  set  up  an  arti- 
ficial albuminuria  in  rabbits  by  intra-vascular  injection  of  egg- 
albumin,  excised  the  kidneys  and  placed  them  directly  in  alcohol 
so  as  to  coagulate  in  situ  the  albumin  within  them ;  he  found 
that  the  spaces  of  Bowman's  capsules  contained  albumin  as  well 


scarlatina,  and  in  some  other  conditions,  the  glomeruli  appear  to 
be  exclusively  affected,  so  much  so  that  Cohnheim  suggested  the 
special  name  of  "  glomerulonephritis." 


Moreover,  in  very  early  nephritis  following 
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B.  The  Tubules. — But  it  is  very  improbable  that  the  glom- 
erular epithelium  is  alone  concerned  in  the  process,  though 
peihaps  in  some  cases  it  is  affected  first  and  to  the  greatest 
extent.  The  cause  which  brings  about  the  modification  of  renal 
epithelium  and  the  supervention  of  albuminuria  is  in  a  large 
number  of  cases  one  that  affects  the  whole  circulation  of  the 
kidney.  Thus,  in  the  dog,  if  the  renal  artery  is  ligatured  for 
an  hour,  there  follows  on  loosening  the  ligature  an  albuminuria 
lasting  perhaps  for  a  week  ;  in  cholera,  albuminuria  accompanies 
recovery  from  the  collapsed  stage,  in  which  there  is  often  com- 
plete anuria  from  the  lowness  of  blood-pressure ;  in  cases  of 
suppression  of  urine  due  to  impaction  of  renal  calculi  in  the 
ureters,  if  the  flow  of  urine  is  re-established  the  fluid  is  albumin- 
ous ;  in  cases  of  heart  disease  where  tricuspid  regurgitation  has 
led  to  a  general  rise  in  systemic  venous  pressure  there  is 
albuminuria.  In  all  these  cases  there  can  be  no  doubt  that  the 
epithelium  of  the  tubules  must  suffer  as  well  as  the  epithelium 
of  the  glomeruli.  So  also  in  nephritis  the  tubular  epithelium 
must  suffer;  for  when  the  irritant  reaches  the  kidney  by  the 
blood  it  is  conveyed  through  the  blood-vessels  to  all  parts  of  the 
kidney  and  not  to  the  cortex,  still  less  to  the  glomeruli,  alone, 
and  when  the  irritant  reaches  the  kidney  by  the  ureters  and 
pelvis,  as  in  consecutive  nephritis,  the  medullary  portion,  i.e.,  the 
tubules,  must  suffer  first  and  most.  Indeed  there  is  evidence 
that  the  tubular  epithelium  may  suffer  alone,  for  Senator  found, 
when  he  threw  the  kidneys  of  a  rabbit  into  boiling  water  ten  or 
twelve  minutes  after  ligature  of  the  renal  veins,  that  it  was  easy 
to  find  masses  of  coagulated  albumin  and  blood-corpuscles  in  the 
lumen  of  some  of  the  straight  tubules  chiefly  of  the  medulla,  but 
that  the  spaces  of  Bowman's  capsules  were  absolutely  free. 

It  is  possible,  however,  when  nephritis  is  caused  by  toxic 
products  of  disease,  and  especially  infective  disease,  that  those 
portions^oLthe  kidney  are  most  affected  by  which  the  irritarrLis— 
snedjJly_exjQreted ;  thus  it  is  possible  that  the  scarlatinal  virus 
is  principally  or  entirely  excreted  by  the  glomeruli  and  that 
upon  this  depends  the  special  form  of  nephritis  associated  with 
tins  disease.    But  nothing  more  than  examination  of  a  great 
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number  of  sections  from  the  same  kidney  is  needed  to  convince 
one  that  even  in  acute  nephritis  the  kidney  is  not  everywhere 
affected  alike.  In  one  place  the  glomeruli,  in  another  the 
tubules,  in  another  the  interstitial  substance,  may  appear  to  be 
most  involved,  while  some  parts  of  a  kidney,  obviously  patho- 
logical to  the  naked  eye,  may,  by  the  microscope,  be  seen  to  be 
normal. 

C.  The  Blood-  Vessels. — But  in  discussing  the  pathology  of 
albuminuria,  besides  the  renal  epithelium,  one  has  also  to  con- 
sider the  renal  blood-vessels.  The  renal  epithelium  covering  the 
glomerular  blood-vessels  and  the  renal  epithelium  lining  the 
tubules  may  indeed  be  involved,  in  the  production  of  nephritis 
for  example,  and  it  is  conceivable  that  when  they  are  affected 
albuminuria  may  result,  though  the  renal  blood-vessels,  and  in 
particular  the  capillaries,  are  totally  unaffected ;  the  capillaries 
elsewhere  in  the  body  give  exit  to  an  albuminous  fluid  under 
normal  conditions,  why  not  the  renal  capillaries  ? 1  But  such  a 
condition  though  conceivable  must  be  infinitely  rare  if  it  ever 
occurs.  In  the  production  of  albuminuria,  vascular  conditions 
must  almost  invariably,  if  not  invariably,  assist.  For  upon  the 
vascular  conditions  and  upon  the  blood  which  circulates  in  the 
vessels,  the  "nutritive  condition  of  the  renal  epithelium  depends. 
So  that  in  most  cases  vascular  and  renal  epithelial  changes  must 
be  twin  results  of  the  action  of  one  irritant  circulating  in  the 
blood,  or  the  renal  epithelial  changes  must  be  secondary  to  the 
vascular  changes.  We  cannot  imagine  a  vascular  condition 
which  is  without  its  effect  upon  the  renal  epithelium,  and  can 
hardly  imagine  an  alteration  of  the  renal  epithelium  which  does 
not  depend  upon  some  change  in  blood-vessels. 

Now  in  the  body  generally,  the  capillaries,  as  the  result  of 
irritant  action,  give  exit  to  a  highly  albuminous  inflammatory 
exudation,  so  that  it  is  not  unreasonable  to  expect  when  the 
kidneys  are  the  seat  of  inflammation,  that  the  renal  capillaries 

1  The  renal  capillaries  seem  to  be  peculiar  in  one  respect ;  the  stomata  which 
by  appropriate  staining  are  to  be  made  out  in  most  capillaries  are  very  rarely 
seen  in  the  capillaries  of  the  kidney.  This,  of  course,  suggests  a  reason  why  ordi- 
nary lymph  is  albuminous,  and  normal  urine  free  from  albumin.  More  than  this 
cannot  be  said,  but  the  subject  is  eminently  worthy  of  further  investigation. 

2  Q 
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should  also  give  exit  to  a  highly  albuminous  fluid;  the  capil- 
laries, too,  not  only  of  the  glomerular  tufts  but  also  those  sur- 
rounding the  tubules.  In  the  body  generally  this  exuded  fluid 
either  remains  stored  up  in  situ  or  drains  away  by  the  lym- 
phatics, and  in  the  kidney  also  some  of  the  fluid  must  be  removed 
by  the  lymphatics  which  leave  the  organ  at  the  hilum.  But  the 
kidney  is  enclosed  in  a  firm  fibrous  capsule  and  cannot  easily 
become  oedematous,  so  that  if  all  the  exuded  fluid  cannot  leave  by 
these  lymphatics  it  is  highly  probable  that  it  will  leave  the 
organ  by  the  tubules  and  constitute  a  part  of  the  urine.  In  the 
glomeruli  in  particular  it  is  difficult  to  see  how  any  albuminous 
fluid  that  exudes  from  inflamed  glomerular  capillaries  can  fail 
to  become  mingled  with  the  urine  generally;  and  there  is  no 
difficulty  in  conceiving  that  fluid  poured  into  the  inter-tubular 
connective  tissue  may  find  its  way  into  the  lumen  of  the  tubes. 
Hence  in  nephritis  the  fluid  reaching  the  bladder  would  consist 
of  urine  plus  inflammatory  exudation. 

Moreover,  we  have  definite  evidence  that  vascular  change  is 
capable  of  producing  albuminuria,  for  in  lardaceous  disease  the 
glomerular  vessels  are  often  affected  to  a  marked  extent,  and  the 
urine  is  generally  highly  albuminous.  It  is  true  that  in  very 
early  lardaceous  disease  the  urine  formed  during  life  may  have 
been  free  from  albumin,  though  microscopic  examination  of  the 
kidneys  shows  that  the  glomeruli  are  slightly  but  characteristi- 
cally affected.  But  such  cases  are  decidedly  rare,  and  they  do  not 
affect  the  general  statement  made  above. 

In  the  case  of  mechanical  hyperemia  (and  of  this  nature  is  the 
chronic  venous  congestion  of  the  kidney  occurring  in  late  heart 
disease),  Senator  definitely  came  to  the  conclusion  that  the 
lymph  with  its  dissolved  albumin  and  its  suspended  red  blood- 
corpuscles  transudes  from  the  distended  capillaries,  finds  its 
way  into  the  urinary  tubules  and  mingles  with  the  urine. 
And  Cohnheim  in  this  respect  is  inclined  to  agree  with 
Senator. 

In  nephritis,  therefore,  and  in  passive  venous  cougestion  of  the 
kidney  we  must  look  upon  the  albumin  in  the  urine — or  part  of 
it  at  all  events — as  bearing  the  same  relation  to  the  renal  blood- 
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vessels  as  does  the  albumin  in  the  exudation  fluid  of  an 
inflamed  or  a  passively  congested  leg  to  the  blood-vessels  of 
that  leg. 

This  being  so,  the  question  whether  exudation  in  inflammation 
and  in  passive  congestion  is  a  physical  or  a  vital  process,  which 
was  discussed  in  Chapter  VI.,  finds  a  new  importance.  For 
obviously,  though  from  a  somewhat  different  aspect,  there  arises 
once  more  the  question :  Is  albumin  present  in  albuminous  urine 
because  it  is  actively  secreted  or  because  the  blood-vessels  and  the 
renal  epithelium  have  become  "  more  permeable  "  ? 

It  is  even  more  difficult  to  attempt  an  answer  to  this  question 
than  it  was  in  the  case  of  oedema-formation.  For  in  the  kidney 
we  have  to  consider,  not  one  membrane,  but  two,  viz.,  vascular 
epithelium  and  true  renal  epithelium.  In  my  opinion,  how- 
ever, the  albumin  of  albuminous  urine  is  secreted  by  the  blood- 
vessels, but  probably  escapes  into  the  tubules  mechanically  owing 
to  actual  lesions  of  the  true  renal  epithelium.  Nevertheless, 
when  we  remember  that  the  normal  renal  epithelium  excretes 
egg-albumin,  we  cannot  deny  the  possibility  that  it  may  on 
occasion  also  excrete  serum-globulin  and  serum-albumin  ;  perhaps 
the  so-called  "  physiological  albuminuria "  is  of  this  nature. 
Moreover,  there  is  no  reason  to  doubt  that  the  laws  governing 
nutrition  of  the  tissues  generally  are  applicable  also  to  the  kidney, 
so  that  serum-albumin  and  serum-globulin  must  leave  the  vessels 
for  the  nutrition  of  the  proper  kidney  substance,  and  must 
normally  be  restrained  from  passing  into  the  urine  by  the 
integrity  of  the  true  renal  epithelium.  But  whether  this  restraint 
depends  upon  vital  or  upon  physical  conditions  is  a  question 
upon  which  we  are  completely  ignorant. 

Albumosuria  and  nucleo-albuminuria  are  probably  more  akin 
to  the  artificial  albuminuria  brought  about  by  intra-venous  injec- 
tion of  egg-albumin  than  to  the  albuminuria  which  we  have  just 
been  considering.  Albumosuria  ("  peptonuria  ")  occurs  especially 
in  cases  where  large  quantities  of  pus  are  pent  up  in  the  body, 
as  for  example  in  purulent  meningitis  and  empyema,  or  where 
large  masses  of  coagulated  inflammatory  exudation  are  undergoing 
liquefaction,  as  in  the  resolution  of  croupous  pneumonia.  In 
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these  cases  it  is  probable  that  the  albumose  is  taken  up  by  the 
blood,  and  is  excreted  by  the  kidney  as  a  useless  and  foreign 
substance. 

Nucleo-albuminuria  has  only  lately  been  recognised.  It  was 
found  by  Pickler  and  Vogt  that  in  dogs  intra-venous  injection 
of  a  solution  of  casein  leads  to  a  nucleo-albuminuria  lasting 
for  a  period  varying  up  to  five  days.  In  one  case  they  found 
it  conjoined  with  ordinary  albuminuria.  Ligature  of  one 
renal  artery  for  half  to  one  and  a  half  hour  led  in  four  dogs 
to  a  nucleo-albuminuria  lasting  two  to  seven  days.  Temporary 
closing  of  the  renal  veins  led  to  a  nucleo-albuminuria  lasting 
three  days,  besides  an  ordinary  albuminuria  lasting  one  day. 
Von  Friedlander  investigated  the  urine  of  100  male  patients 
before  and  after  chloroform-narcosis,  and  in  forty-four  out  of 
fifty-six  cases  specially  examined  for  the  purpose  he  found  a 
nucleo-albuminuria. 

There  remains  a  whole  series  of  cases  in  which  albumin  is  only 
at  times  present  in  the  urine.  Some  of  these  appear  to  be  of 
little  importance  clinically,  but  one  at  least — the  albuminuria  of 
pregnancy — is  highly  important,  for  the  albuminuria  itself  is  often 
so  marked  that  the  urine  becomes  solid  on  boiling,  and  cases  in 
which  the  condition  occurs  not  infrequently  end  fatally  with 
symptoms  like  those  of  ursemia  (puerperal  eclampsia).  Besides 
the  albuminuria  of  pregnancy,  this  class  also  contains  paroxysmal 
albuminuria  to  which  sufficient  reference  has  been  made  in  con- 
nection with  paroxysmal  hemoglobinuria,  and  the  so-called 
"  physiological "  or  "  cyclical "  albuminuria.  Physiological  albu- 
minuria includes  cases  in  which  albumin  is  only  present  in 
the  urine  passed  shortly  after  rising  in  the  morning,  cases  of 
"  digestive  "  albuminuria  in  which  albumin  appears  in  the  urine 
after  meals,  and  cases  of  the  "albuminuria  of  adolescence,"  a 
doubtful  condition  which  has  principally  been  noticed  in  boys 
at  the  age  of  puberty. 

The  pathology  of  these  forms  of  albuminuria  is  quite  unknown. 
The  albuminuria  of  pregnancy,  it  has  been  suggested,  depends 
upon  pressure  involving  the  renal  veins,  and  it  has  been  noted 
that  it  is  more  common  and  more  severe  in  first  pregnancies ; 
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but  there  are  many  objections  to  this  mechanical  view.1 
Cohnheim  suggests  that  it  is  due  to  reflex  spasm  of  the  renal 
arteries,  but  this  view  is  hardly  more  satisfactory.  The  most 
reasonable  suggestion— unsatisfactory  though  it  is — is  that  in 
certain  persons  functional  power  of  the  kidney  is  less  stable  than 
normal,  so  that  in  them  balance  is  upset  by  circumstances  that 
would  be  without  effect  upon  persons  with  absolutely  normal 
kidneys.  It  is  doubtful  whether  any  histological  change  accom- 
panies physiological  albuminuria,  for  the  cases  not  proving  fatal 
of  course  the  kidneys  cannot  be  examined.  In  the  albuminuria 
of  pregnancy,  even  when  death  has  supervened  from  eclampsia, 
the  kidneys  may  be  apparently  normal,  though  in  some  cases  they 
show  acute  inflammatory  changes. 

(iii.)  The  Substance  discharged  is  FAT. — The  only  im- 
portant morbid  conditions  in  which  fat  is  discharged  from  the 
body  are  (a)  those  in  which  fat  is  removed  with  the  faeces  (stea- 
torrhcea),  and  (b)  chyluria,  in  which  fat  is  removed  with  the  urine. 

(a)  Steatorrhea. — A  certain  amount  of  fat  is  normally  present 
in  faeces,  and  when  an  excessive  amount  is  given  by  the  mouth  a 
very  considerable  proportion  may  pass  through  the  intestines 
unabsorbed.  The  pathological  presence  of  fat  in  the  faeces  is 
due  to  the  fact  that  absorption  from  the  intestines  is  hindered. 
The  absorption  of  fat  is  contingent  upon  its  emulsification,  a 
process  normally  carried  out  by  the  combined  action  of  the  bile 
and  the  pancreatic  juice.  There  are  certain  difficulties  in  the 
question  to  which  reference  will  be  made  later,  but  there  is  no 
doubt  that  fat  appears  in  the  stools  when  the  entrance  of  bile  or 
of  pancreatic  juice  or  of  both  into  the  intestine  is  prevented. 

Now  the  causes  which  lead  to  such  a  condition  are  essen- 
tially two,  obstruction  of  the  excretory  ducts  of  the  glands  and 
destruction  of  the  gland  substances  themselves.  Of  these,  ob- 
struction to  the  ducts  is  clinically  by  far  the  more  important,  for 
it  is  easily  brought  about,  whereas  destruction  of  the  whole  gland 
substance  rarely  if  ever  occurs  (except  as  the  result  of  experi- 

1  That  albuminuria  is  far  more  commonly  seen  in  primiparse  is  certain,  but  its 
explanation  by  pressure  of  the  uterus  on  the  renal  veins  is  anatomically  impos- 
sible. Of  course  we  are  not  considering  here  pregnancy  in  persons  who  are 
already  the  subjects  of  renal  disease. 
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ment),  and  so  long  as  a  small  functionating  portion  remains,  the 
special  secretion  is  formed.  We  therefore  find  that  obstruction 
of  the  common  bile-duct  by  a  biliary  calculus  causes  the  appear- 
ance of  fat  in  the  stools  (and  jaundice,  with  which  we  are  not 
now  concerned),  though  the  liver  and  pancreas  are  practically 
unaltered ;  but  that,  on  the  other  hand,  though  the  liver  itself  may 
be  saturated  with  cancer  and  little  of  the  pancreas  may  be  normal, 
the  stools  remain  comparatively  free  from  fat  so  long  as  no 
nodule  of  cancer  obstructs  the  biliary  and  pancreatic  ducts. 

Generally  the  condition  which  leads  to  the  appearance  of  fat  in 
the  stools  is  one  affecting  the  common  bile-duct,  one  therefore 
which  impedes  the  entrance  into  the  intestine  of  both  bile  and 
pancreatic  juice,  but  the  absence  of  either  secretion  alone  is 
effective.  Since  fat  appears  in  the  stools  whether  bile  or  pan- 
creatic juice  fails  to  reach  the  intestine,  and  since  it  will  be 
necessary  to  consider  bile  in  connection  with  jaundice,  we  shall 
deal  here  with  the  condition  when  it  is  caused  by  failure  of  entry 
into  the  bowel  of  pancreatic  juice  alone.  This  course  is  the  more 
advisable,  as  our  knowledge  concerning  food-changes  after  experi- 
mental extirpation  of  the  pancreas  has  lately  received  consider- 
able additions  in  connection  with  work  upon  glycosuria  and 
diabetes. 

Von  Mering  and  Minkowski,  Abelmann,  Yaughan  Harley, 
and  others  have  all  given  experimental  proof  of  the  clinical 
fact  first  recognised  by  Bright  in  1832,  that  in  diseases  of  the 
pancreas  large  quantities  of  fat  appear  in  the  stools.  Abelmann 
found  that  in  complete  extirpation  of  the  pancreas  100  per  cent., 
and  in  incomplete  extirpation  from  40  to  75  per  cent,  of  the  fat 
given  by  the  mouth  is  passed  in  the  faeces.  Harley's  results 
corroborate  those  of  Abelmann.  Harley  further  made  some 
experiments  upon  a  boy  supposed  to  be  suffering  from  obstruc- 
tion of  the  pancreatic  duct,  and  found  that,  when  kept  upon  a 
strict  milk  diet,  the  patient  passed  about  75  per  cent,  of  the 
milk-fat  in  his  stools  ;  a  healthy  man  kept  upon  milk  diet,  as  has 
been  shown  by  Eubner,  passes  about  5-6  per  cent,  of  the  fat  in 
his  stools. 

Now  it  is  natural  to  suspect,  when  fat  appears  in  the  stools 
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after  obstruction  (say)  to  the  common  bile-duct,  that  it  does  so 
because  the  fat  taken  in  the  food  is  not  emulsified  in  the  normal 
manner  and  therefore  is  unfit  for  absorption.  This  is  the  view- 
that  is  commonly  accepted  and  taught.  It  follows  as  a  corollary 
that  the  fat  in  the  stools  should  be  practically  identical  with  the 
fat  taken  by  the  mouth.  But  the  quantitative  estimations  made 
by  Harley  seem  to  show  that,  whatever  the  cause,  failure  of 
emulsification  cannot  explain  the  condition,  for  the  fat  is  not 
passed  in  an  unaltered  condition,  but  in  a  condition  practically 
identical  with  that  in  which  it  is  passed  by  normal  animals  upon 
the  same  diet.  This  is  well  seen  in  the  following  table,  which  is 
a  condensation  of  two  tables  given  by  Harley. 

Table  showing  the  average  composition  of  fat  in  milk,  in  fceces  of 
a  normal  dog,  of  a  dog  whose  pancreas  had  been  extirpated, 
and  of  a  boy  supposed  to  be  suffering  from  obstruction  of 
the  pancreatic  duct,  in  all  of  which  the  diet  vjas  milk  alone. 


Neutral  Fat. 

Free  Fatty  Acid. 

Soap. 

Average  composition  of  fat  in  milk,  . 
Average  composition  of  fat  in  faeces  of 

Average  composition  of  fat  in  faeces  of 
dog  (pancreas  extirpated), 

Average  composition  of  fat  in  fasces  of 
boy  with  obstructed  pancreatic  duct, 

Per  cent. 
97-02 

34-17 

33-90 

37  55 

Per  cent. 
2-89 

58-65 

55-25 

40-40 

Per  cent. 
006 

7-19 

10-84 

15-35 

These  figures  show  conclusively  that  the  fault  is  one  of  non- 
absorption  of  fat  and  not  one  of  failure  to  undergo  change,  for 
the  neutral  fat  is  broken  up  in  the  same  way  whether  pancreatic 
juice  is  poured  into  the  intestine  or  no.  It  will  probably  be 
found,  however,  on  further  investigation  that  the  changes  under- 
gone by  the  fat  are  not  identical  in  the  two  cases.  Certainly  the 
stools  are  markedly  abnormal,  for  they  are  pale,  soft,  or  oily, 
and  yield  a  very  foul  odour.  It  is  quite  possible  that  when 
pancreatic  juice  is  absent  the  fats  are  broken  up  by  lipolytic 
ferments  of  bacterial  origin  and  that  the  intestine  is  unable  to 
absorb  these,  though  it  can  absorb  similar  but  not  the  same 
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substances  produced  by  the  action  of  the  lipolytic  ferment  of 
pancreatic  juice. 

(b)  Chyluria. — The  condition  known  as  chyluria,  in  which  fat 
is  lost  by  the  urine,  is  rarely  seen  in  this  country,  and  then 
practically  always  in  persons  who  have  resided  in  the  tropics, 
particularly  in  Brazil,  Mauritius,  India,  China,  and  the  West 
Indies.  It  depends  upon  infection  by  an  animal  parasite  known 
as  Filaria  nocticrna.1  In  chyluria  the  urine  is  milky-white  or 
pinkish  or  sometimes  blood-red.  The  onset  of  the  urinary  con- 
dition is  usually  quite  sudden,  the  peculiar  urine  being  passed 
without  previous  warning,  or  perhaps  after  a  period  of  retention 
due  to  intra-vesical  formation  of  a  coagulum  and  blocking  of 
the  urethra.  Once  chyluria  has  shown  itself  it  lasts  for  a  very 
variable  period,  extending  to  years,  but  commonly  it  is  inter- 
mittent, and  the  appearance  of  the  urine  varies  from  day  to  day 
and  at  different  times  of  the  day.  The  relation  of  chyluria  to 
the  ingestion  of  fatty  food  is  very  remarkable  and  indicates  the 
pathology  of  the  condition.  For  the  urine  may  be  clear,  but  it 
becomes  opalescent  a  very  short  time  after  ingestion  of  fat,  as 
for  example  after  a  draught  of  milk.  Chylous  urine  has  a 
marked  tendency  to  coagulate,  but  the  tendency  is  very  variable. 

1  The  filaridse  are  nematode  worms  of  which  several  genera  are  known,  but  of 
these  only  one — filaria — is  parasitic  to  man.  The  most  important  species  of 
filaria  are  Filaria  medinensis,  the  "  Guinea- worm,"  which  is  on  an  average  3 
feet  in  length  and  inhabits  the  subcutaneous  tissue  of  the  lower  limb,  and  Filaria 
sanguinis  hominis,  which  is  the  cause  of  chyluria  and  other  conditions.  At  least 
four  or  five  different  species  of  Filaria  sanguinis  hominis  are  known,  the  most 
important  of  which — from  the  fact  that  the  embryos  are  only  present  in  the  blood 
during  the  night — is  known  as  Filaria  nocturna.  The  parent  worms  inhabit  the 
lymphatic  channels  of  the  trunk  and  limbs,  but  the  embryos  circulate  in  the 
blood.  The  sexes  are  distinct.  The  male  is  about  70  mm. ,  the  female  about 
90  mm.,  in  length  ;  both  are  filiform,  white,  smooth,  and  uniform  in  thickness, 
except  towards  the  head  and  tail,  where  they  taper  somewhat.  The  embryos  are 
born  into  the  lymph  in  which  their  parents  lie,  and  travelling  by  the  lymphatics 
ultimately  reach  the  blood.  The  embryos,  which  are  far  more  commonly  seen 
than  the  parent  worms,  and  upon  the  recognition  of  which  in  the  blood,  diagnosis 
is  generally  founded,  are  about  one-third  of  a  millimetre  long.  They  are  actively 
motile  and  lie  in  a  transparent  sheath.  Like  most  of  the  other  entozoa,  filaria 
requires  an  intermediate  host  for  its  full  development,  and  it  has  been  shown  by 
Manson  that  the  intermediate  host  for  the  filaria  is  the  mosquito.  It  is  impossible 
here  to  give  the  characteristics  and  life  history  of  the  parasite,  but  they  will  be 
found  set  forth  in  detail  by  Manson  in  his  article  on  "  Filaria"  in  Allbutt's  System 
of  Medicine. 
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Generally  the  urine  coagulates  rapidly  into  a  solid  mass  after 
voiding,  but  sometimes  flakes  of  coagulum  only  are  formed  and 
sometimes  the  urine  does  not  coagulate  at  all.  On  standing,  the 
clot  shrinks  and  the  urine  shows  a  cream-like  layer  on  the  sur- 
face of  the  fluid  expressed  by  the  clot ;  the  fat  of  the  urine  is 
present  in  this  layer  and  in  the  clot. 

Chyluria  is  essentially  due  to  the  fact  that  the  normal  course 
of  lymph  and  =cJrjle_ajongJhe  thoracic  duct  is  impeded,  or  rather 
completely  obstructed.  The  parent  filarise  inhabit  the  thoracic 
duct  and  other  lymphatic  channels.  Either  mechanically  by^" 
plugging  the  duct,  or  indirectly  by  inducing  inflammatory 
changes  in  its  walls,  the  parasites  cause  blockage  of  the  upper, 
part  of  the  thoracic  duct.  For  the  passage  of  lymph  and  chyle 
from  the  lower  parts — legs,  pelvis,  abdomen,  etc. — anastomotic! 
branches  between  the  duct  below  the  obstruction  and  above  iOY  jp 
have  to  be  opened  up,  and  in  the  process  the  already  thin  walls 
of  the  lymphatics  become  yet  thinner.  If,  then,  the  lymphatics 
of  the  kidney  or  bladder  are  involved  in  the  anastomosis,  their  (\ 
rupture  readily  occurs,  and  the  contents  of  the  lymphatics 
mingle  with  the  urine.  Normally,  of  course,  the  lymphatics  of 
the  kidney  and  bladder  do  not  drain  the  intestines,  and  the  lymph 
in  them  is  clear,  so  that  when  this  lymph  mingles  with  the 
urine,  as  it  practically  does  in  some  cases  of  albuminuria,  the 
urine  is  albuminous  but  clear.  But  under  the  abnormal  condi- 
tions now  being  considered,  the  chyle  in  the  intestinal  lacteals 
passes  .upwards  through  these  renal  and  vesical  lymphatics,  and, 
therefore,  when  they  rupture,  the  fluid  which js  added  to  the 
urine  is  not  pure,  transparent  lymph,  but  is  lymph  or  chyle  with 
the  characteristics  possessed  by  that  fluid  in  the  thoracic  duct. 
Now  the  lymph  obtained  from  the  thoracic  duct  of  a  dog  is  a 
coagulable  fluid,  clear  and  transparent,  and  of  a  pale  yellow 
colour  or  colourless  when  the  animal  has  been  fasting  for 
twenty-four  hours,  opalescent  or  milky  if  he  has  lately  been  fed 
and  especially  if  he  has  received  fatty  food,  while  it  frequently 
has  a  pinkish  or  even  a  bright  red  colour  under  conditions  which 
are  not  quite  clear  and  are  very  variable.  The  evidence  is 
therefore  complete  that  chyluria  depends  upon  admixture  with 
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the  urine  of  chyle  or  lymph  which  normally  travels  by  the 
thoracic  duct. 

It  follows  from  what  has  been  said  that  chyluria  is  only 
a  special  manifestation  of  a  general  fllariasis,  and  that  from 
rupture  of  dilated  lymphatics  elsewhere,  fat  may  be  lost  to  the 
body  in  this  disease  by  other  ways  ;  chylous  ascites,  chylous 
diarrhoea,  chylous  hydrocele,  chylous  lymphorrhagia  after  rupture 
of  a  cutaneous  lymphatic,  have  all  been  described. 

(iv.)  The  Substance  discharged  is  SUGAR.— In  connec- 
tion with  this  substance  we  have  only  to  consider  the  urine,  for 
though  the  saliva,  tears,  and  sweat  may  contain  sugar  they  only 
do  so  under  the  same  conditions  as  those  in  which  it  is  present 
in  the  urine. 

Conditions  in  which  the  urine  contains  sugar  may  be  divided 
into  two  classes :  (a)  those  in  which  the  sugar  is  only  transitorily 
present,  and  (h)  that  in  which  sugar  is  more  or  less  persistently 
present.  The  former  class  is  known  under  the  name  of  glycos- 
uria, the  latter  is  summed  up  in  the  disease  known  as  diabetes 
mellitus,  or,  simply,  diabetes. 

It  is,  perhaps,  normal  for  the  urine  to  contain  a  minute  trace 
of  sugar,  and  where  excessive  amounts  are  taken  in  the  food  a 
certain  amount  of  glycosuria  may  be  present.  Often  the  amount 
present  is  so  small  that  it  is  uncertain  whether  the  substance  is 
truly  sugar  and  not  one  of  the  many  substances  capable  of 
reducing  copper  from  its  solutions  with  which  small  quantities 
of  sugar  are  often  confused.  But  in  the  pathological  conditions 
of  which  we  are  about  to  speak,  the  amount  of  sugar  is  often  so 
great  that  it  is  beyond  the  possibility  of  mistaken  diagnosis, 
forming  as  it  may  do  (in  extreme  cases)  10-12  per  cent,  of  the 
urine  and  being  excreted  to  the  amount  of  half-a-pound  or  more, 
in  the  twenty-four  hours. 

The  sugar  present  in  the  urine  in  glycosuria  and  diabetes  is 
always  pure  dextro-rotatory  glucose  (dextrose),  whether  sugar  has 
been  introduced  into  the  body  as  dextrose,  cane-sugar,  lactose, 
maltose,  or  whether  it  is  due  to  ingestion  of  starch.  When 
lsevulose  has  been  given  by  the  mouth  to  diabetic  dogs  the  major 
portion  is  excreted  in  the  urine  as  dextrose  (Minkowski),  but 
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small  quantities  of  lsevulose  may  be  present  in  the  urine  also 
(Sandmeyer);  the  same  is  true  also  of  galactose. 

In  glycosuria  the  abnormal  urinary  condition  lasts  only  for  a 
few  days  or,  at  most,  weeks,  and  the  amount  of  sugar  excreted  is 
usually  small,  though  at  times  it  may  be  as  considerable  as  in  a 
severe  case  of  diabetes.  Glycosuria  may  be  caused  by  a  number 
of  medical  and  surgical  conditions,  some  of  which  are  serious, 
others  trifling.  Thus  it  often  occurs  after  injuries  to  the  brain^ 
sometimes  after  injuries  to  the  spinal  cord,  and  rarely  after 
injury  io~  serves;  it  is  met  with  in  patients  suffering  from 
carbuncle  and  boils,  though  the  converse  statement,  viz,,  that 
diabetic  persons  often  suffer  from  carbuncle  and  boils,  is  more 
generally  true ;  it  is  said  to  be  produced  by  the  action  of  some 
poisons,  notably  strychnine,  curare,  morphia,  ether,  chloroform, 
carbonic  oxide  (though  certainly  in  the  case  of  some  of  these 
poisons  the  copper-reducing  substance  is  not  a  sugar  but  gly- 
curonic  acid) ;  it  occurs  in  asphyxia  and  some  other  respiratory 
affections.  During  the  actual  time  that  a  glycosuric  person  is 
passing  sugar  in  his  urine  he  presents — so  far  as  that  portion  of 
his  ailment  is  concerned — the  same  symptoms  as  a  diabetic 
person.  But  from  the  shorter  duration  of  the  morbid  condition 
and  its,  commonly,  less  severe  character  the  symptoms  are  not 
so  pronounced. 

In  diabetes  mellitus  the  patient  complains  of  great  thirst  and 
of  frequent  and  copious  micturition,  for  he  often  passes  10-15 
pints  of  urine  in  the  twenty-four  hours.  His  appetite  is  voracious 
except  towards  the  end  of  the  disease,  but  still  he  wastes  and 
becomes  progressively  weaker.  His  temper  is  irritable,  his  skin 
dry,  his  hair  thin,  his  face  flushed,  his  bowels  irregular  and  often 
constipated,  his  temperature  generally  subnormal.  He  may 
suffer  from  impaired  vision  or  actual  blindness,  the  causes  of 
which  are  various,  and  the  impaired  nutrition  of  his  skin 
accounts  for  the  many  cutaneous  disorders  to  which  he  is  liable. 
If  he  be  young  his  disease  runs  a  rapidly  fatal  course  and  often 
terminates  by  way  of  pulmonary  tuberculosis  or  of  diabetic  coma  ; 
if  he  be  in  early  old  age  the  prognosis  is  not  quite  so  grave, 
though  he  may  die  of  gangrene  (generally  involving  the  extremi- 
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ties)  or  as  the  result  of  that  surgical  interference  which  the 
gangrene  necessitates.  Whether  young  or  old,  since  the  resis- 
tance of  diabetic  patients  of  whatever  age  is  far  below  that 
of  healthy  persons  of  the  same  age,  he  is  very  liable  to  succumb 
to  any  intercurrent  infective  disorder  such  as  influenza  or 
pneumonia. 

The  urine  in  diabetes  is  commonly  increased  in  quantity,  but 
if  there  be  diarrhosa,  a  normal,  or  even  less  than  a  normal,  amount 
may  be  excreted.  The  specific  gravity  is  high  in  the  great 
majority  of  cases  (1025-1050)  but  occasionally  it  is  low,  and 
a  specific  gravity  of  1008  does  not  preclude  the  possibility  that 
the  urine  contains  sugar.  It  has  often  a  distinctive  primrose 
colour  and  a  characteristic  sweetish  smell.  Besides  sugar  it 
contains  an  excess  of  urea  and  often  deposits  crystals  of  uric 
acid.  Acetone,  diacetic  acid,  /3-oxybutyric  acid,  and  /3-cro tonic 
acid  are  present  or  present  in  excess;  they. are  important  in 
that  each  or  all  of  them  has  been  supposed  to  be  the  poison 
which  causes  diabetic  coma.  Phosphates  and  ammonia  are 
eliminated  in  great  excess,  indeed  true  phosphaturia  may 
precede  or  coincide  with  diabetes.  When  diabetes  has  lasted 
some  time  albumin  generally  makes  its  appearance  in  the 
urine;  this  may  depend  upon  accidental  contamination  with 
albuminous  discharges,  but  more  commonly  depends  upon  a 
nephritis  due  to  irritation  of  the  kidney  by  the  sugar.  Histo- 
logical changes  of  the  kidney  in  diabetes  have  been  described 
by  Armanni,  Marthen,  and  others;  they  consist  in  a  hyaline 
transformation  of  the  epithelium  of  the  straight  tubules  and 
an  epithelial  necrosis  in  the  convoluted  tubules.  Ehrlich 
showed  that  in  diabetes  the  kidney  epithelium  contains 
glycogen ;  in  health  it  is  absent,  and  in  other  morbid  con- 
ditions present  only  in  minute  traces. 

The  pathologico-anatomical  changes  found  in  the  body  of 
a  person  dead  from  diabetes  are  for  the  most  part  clearly 
secondary ;  but  there  are  two  varieties  of  change  which  we  are 
probably  justified  in  regarding  as  primary.  These  are  (1) 
fibrotic  and  other  changes  of  the  pancreas,  and  (2)  tumours 
and  lesions  in  or  about  the  medulla  oblongata  and  the  vagi. 
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Disease  of  the  pancreas,  though  not  always  found  in  diabetes, 
is  very  common.  Saundby  gives  the  notes  on  this  point  of 
twenty-seven  consecutive  cases,  in  only  six  of  which  the 
pancreas  was  "  normal."  As  a  rule  the  organ  is  atrophied  and 
fibrotic,  more  rarely  it  is  enlarged.  Morbid  conditions  in  the 
neighbourhood  of  the  bulb  which  can  be  regarded  as  primary 
are  very  rare,  but  they  have  undoubtedly  been  found.  They 
may  be  tumours,  or  sclerotic  affections  extending  into  the  bulb 
from  the  cord.  It  is  noteworthy,  however,  in  this  connection 
that  bulbar  paralysis,  a  disease  in  which  above  all  we  might 
expect  to  find  sugar  in  the  urine  upon  the  analogy  of  other 
cases  and  animal  experiment,  is  not  a  cause  of  diabetes  or 
glycosuria.  Indeed  Fagge  doubted  whether  sugar  has  ever 
been  found,  though  the  urine  has  often  been  examined  for  the 
purpose. 

The  pathology  of  diabetes  and  glycosuria  is  obviously  the 
pathology  of  either  sugar-formation  or  sugar-consumption.  For 
some  reason  the  blood  contains  more  than  its  normal  percent- 
age of  sugar,  and  the  excess  is  removed  by  the  kidney.  That 
when  sugar  is  present  in  excessive  quantity  in  the  blood  it 
is  removed  by  the  urine  is  readily  seen  by  direct  experiment, 
for  when  sugar  (glucose)  is  injected  into  the  jugular  vein  of  an 
animal,  the  greater  portion  is  within  a  short  time  recoverable 
from  the  urine,  which  is  secreted  in  very  large  quantity.  And 
that  in  diabetes  there  is  glycsemia  can  be  shown  by  quantitative 
analysis,  for  the  blood  may  contain  five  or  six  times  as  much 
sugar  as  normal.1  According  to  Vaughan  Harley  a  dog  can 
bear  intra-venous  injection  of  as  much  glucose  as  1  per  1000 
of  his  body  weight  without  serious  inconvenience  if  the  kidneys 
be  left  untouched,  but  if  the  ureters  are  tied  a  far  smaller 
amount  than  this  leads  to  muscular  spasms  and  coma. 

At  the  present  time  no  clear  account  of  the  pathology  of 
diabetes  can  be  given,  but  several  facts  are  known  which  bear 

1  Of  course  it  is  not  necessary  that  in  diabetes  there  should  at  any  moment  be 
a  hyperglycaemia,  for  there  might  be  glycosuria  and  yet  the  excretion  by  the 
kidneys  might  succeed  in  keeping  the  percentage  of  sugar  in  the  blood  down  to 
the  normal  level.  Seegen  (cited  by  Levene)  says  that  this  is  sometimes  actually 
the  case.    Cf.  also  note,  p.  605. 
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upon  the  question.  First  of  all,  however,  we  must  consider 
briefly  the  origin  and  the  fate  of  the  sugar  normally  present  in 
the  blood. 

Claude  Bernard  showed  that  in  the  liver  a  carbohydrate 
substance — glycogen — is  present,  which  can  be  readily  con- 
verted into  sugar.  He  therefore  concluded  that  sugar  reach- 
ing the  liver  by  the  portal  vein,  and  derived  from  the  food, 
is  intercepted  by  the  liver,  converted  into  glycogen  and 
reconverted  into  sugar,  which  is  thrown  into  the  circulation 
during  the  intervals  between  digestion.  According  to  this  view, 
therefore,  haemal  sugar  is  of  hepatic  origin,  and  variations  in 
the  amount  of  sugar  formed  by  the  liver  normally  keep  the 
percentage  of  sugar  in  the  blood  relatively  constant. 

Pavy,  on  the  other  hand,  denies  that  the  liver  is  a  sugar-form- 
ing organ,  denies  that  the  changes  undergone  by  glycogen  in  the 
liver  after  death  are  to  be  taken  as  an  index  of  glycogen  meta- 
bolism during  life,  denies  that  the  hepatic  vein  ever  contains 
more  sugar  than  the  blood  of  the  general  arterial  or  the  portal 
systems.  He  regards  hepatic  glycogen  as  being  a  stage  in 
the  conversion  of  carbohydrate  into  fat,  and  looks  upon  the 
liver  not  as  a  sugar-forming  but  as  a  sugar-destroying  organ. 
According  to  his  view  haemal  sugar  is  directly  derived  from  the 
food  and  is  sugar  which  has  escaped  destruction  in  the  liver, 
or  is  sugar  which,  on  the  analogy  of  phloridzin  diabetes,  has  been 
formed  during  the  disintegration  of  proteid.  The  relative  con- 
stancy in  percentage  of  sugar  in  the  blood  in  spite  of  variation  in 
the  amount  thrown  into  it,  he  considers,  is  due  to  the  efficient  per- 
formance by  the  liver  of  its  destroying  function,  and  to  the  fact 
that  normally  the  kidney  removes  an  excess  of  sugar  from  the 
blood. 

In  spite,  however,  of  the  brilliancy  with  which  Pavy  has 
defended  his  theory,  experiment  and  opinion  at  the  present 
time  are  against  him  and  in  favour  of  the  theory  put  forward 
by  Bernard.  The  fact  that  Hahn  and  Nencki  found  no  sugar 
in  the  urine  of  dogs,  in  which  the  liver  had  been  thrown  out  of 
circulation  by  means  of  an  artificial  communication  between 
the  portal  and  hepatic  veins  (Eck's  fistula),  is  weighty  evidence 
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against  the  view  that  the  liver  is  a  sugar-destroying  organ. 
Nevertheless,  it  is  probable  that  a  certain  amount  of  sugar 
normally  passes  directly  from  food  to  systemic  blood  without 
undergoing  glycogenic  change  in  the  liver. 

In  considering  the  fate  of  sugar  normally  present  in  the  blood 
we  have  only  to  deal  with  the  actual  destruction  of  sugar  in 
the  normal  body.  The  old  view  put  forward  by  Liebig,  that 
sugar  is  oxidised  in  the  lungs  to  carbonic  acid  and  water,  has 
long  been  given  up,  and  at  the  present  time  it  is  held  that 
the  seats  of  sugar-destruction  are  certainly  the  tissues,  and 
possibly  the  blood.  There  is  reason  to  believe  that  sugar  is 
used  up  in  the  metabolism  of  every  tissue,  but  particularly  in 
muscle.  Though  too  much  importance  must  never  be  attached 
to  quantitative  estimations  of  sugar  in  arterial  and  venous  blood, 
there  is  a  general  agreement  that  the  amount  of  sugar  in  venous 
blood  is  less  than  it  is  in  arterial  blood.  Since  normally  the 
specific  gravity  of  venous  blood  is  higher  than  that  of  the  corre- 
sponding arterial  blood,  it  follows  that  the  difference  in  sugar- 
content  cannot  depend  upon  a  greater  dilution  of  venous  blood 
(for  the  contrary  is  actually  the  case),  but  that  sugar  must 
have  been  removed  during  passage  of  the  blood  through  the  tissue. 
This  sugar  must  be  consumed  during  muscular  activity  with  the 
attendant  production  of  carbonic  acid  and  water.  For  when 
curare  is  administered,  whereby  the  muscles  are  paralysed, 
excretion  of  carbonic  acid  by  the  lungs  diminishes,  and 
glycosuria  occurs.  Moreover,  Seegen  found  that  in  animals, 
struggling  (insufficient  narcosis)  and  direct  tetanisation  of 
muscle  diminish  the  amount  of  sugar  in  the  venous  blood  by 
about  25  per  cent. ; 1  Chauveau  and  Kauffmann  found  that  in 
one  of  the  muscles  of  the  upper  jaw  of  the  horse,  three  and  a 
half  times  as  much  glucose  was  used  up  during  activity  (chew- 
ing movements)  as  by  the  same  muscle  during  rest;  and 
Morat  and  Dufourt  and  others  have  found  in  the  dog  that 

1  This,  however,  is  not  the  case  when  muscle  is  tetanised  by  stimulation  of  its 
nerve,  for  then  Seegen  found  that  the  venous  blood  contains  15-40  per  cent,  more 
sugar  than  the  arterial  blood,  a  result  which  he  ascribes  to  conversion  of  the 
muscle  glycogen  into  sugar  under  the  influence  of  nerve  action. 
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the  glycogen  normally  present  in  muscle  1  undergoes  a  marked 
diminution  during  tetanisation. 

Whether  sugar  is  normally  destroyed  in  the  blood  is  some- 
what uncertain,  and  it  is  difficult  to  say  upon  which  side  the 
balance  of  evidence  lies.  Many  of  the  experiments  that  have 
been  performed  upon  this  point  with  blood  in  vitro  are  quite 
valueless,  since  there  is  no  evidence  that  they  have  been  carried 
out  with  asepsis,  and  growth  of  bacteria  in  the  blood  may  well 
account  for  the  destruction  of  sugar  that  has  been  noted  in 
some  cases.  Vaughan  Harley,  however,  has  borne  this  objec- 
tion in  mind,  and  asserts  that  when  blood  outside  the  body  is 
kept  sterile,  it  still  causes  a  progressive  destruction  of  glucose 
added  to  it ;  this,  he  believes,  is  the  result  of  ferment  action. 
On  the  other  hand,  Arthus  concludes  from  his  experiments  that 
no  glycolytic  ferment  exists  in  circulating  blood,  but  that  it  is 
derived  in  shed  blood  from  disintegration  of  formed  elements 
other  than  the  red  blood-corpuscles,  and  that  it  is  a  cadaveric 
phenomenon  comparable  with  coagulation.  The  question  would 
hardly  be  important  from  our  present  point  of  view  were  it  not 
that  Lepine  has  founded  a  theory  of  diabetes  in  which  the 
absence  of  this  glycolytic  ferment  plays  a  fundamental  part. 

In  naming  the  causes  of  diabetes  and  glycosuria,  reference 
was  purposely  omitted  to  three  causes  or  groups  of  causes 
which  are  of  extreme  importance  from  an  experimental  and 
theoretical,  as  distinguished  from  a  strictly  clinical,  point  of 
view.    Taking  them  in  the  order  in  which  they  will  be  dis- 

1  It  is  doubtful  whether  we  must  consider  the  glycogen  of  muscle  as  being 
derived  from  haemal  sugar  that  is  converted  by  the  muscle  into  glycogen,  or  must 
regard  it  as  being  directly  conveyed  to  the  muscle  as  glycogen.  There  is  no 
doubt  that  the  blood  normally  contains  glycogen  both  in  the  plasma  and  in  cells 
(Liveriato,  Gabritchewsky).  The  intra-globular  glycogen  is  principally  contained 
in  the  finely  granular  oxyphil  cells  (polynuclear,  neutrophil  cells),  and  the  extra- 
globular  glycogen  is  probably  derived  from  disintegration  of  these  leucocytes. 
The  amount  of  glycogen  present  in  the  blood  in  disease  is  very  variable. 
Liveriato  found  that  in  pneumonia,  typhoid  fever,  empyema,  and  the  acute  fevers 
generally  it  is  increased,  but  in  acute  rheumatism  it  is  diminished,  in  jaundice 
only  a  small  quantity  of  extra -globular  glycogen  is  present ;  in  diabetes  (one 
case)  intra-globular  glycogen  was  completely  wanting,  extra-globular  glycogen 
was  almost  wanting  and  in  amount  appeared  to  vary  inversely  with  the  glycos- 
uria. 
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cussed,  these  are  (a)  puncture  of  the  floor  of  the  fourth  ventricle 
in  the  region  of  the  so-called  diabetic  centre  and  certain  other 
lesions  involving  nerve-tissue ;  (/3)  extirpation  of  the  pancreas ; 
and  (y)  poisoning  by  phloridzin,  a  substance  derived  from  the 
root-bark  of  apple,  pear,  plum,  and  cherry  trees. 

(a)  We  owe  to  Claude  Bernard  discovery  of  the  fact  that  a 
definite  but  transient  glycosuria  follows  puncture  into  the  floor 
of  the  fourth  ventricle  in  the  neighbourhood  of  the  vaso-motor 
centre.  Shortly  after  puncture,  the  amount  of  sugar  present 
in  the  blood  is  found  to  be  doubled  or  trebled,  and  in  about 
30-40  minutes  the  urine  is  found  to  contain  sugar.  The 
maximum  excretion  of  sugar  occurs  about  one  hour  after  the 
puncture,  and  from  that  time  it  gradually  diminishes,  dis- 
appearing after  about  five  or  six  hours.  Bernard,  in  his  ex- 
periments on  dogs,  never  found  that  it  lasted  for  more  than 
twenty-four  hours.  A  similar  glycosuria  has  been  produced 
experimentally  by  operations  on  various  regions  of  the  brain, 
cord,  and  even  nerves.  Thus  it  has  been  observed  after  injury 
to  the  vermiform  process  of  the  cerebellum,  after  section  of  the 
cord  at  various  levels  but  especially  in  the  upper  cervical 
region,  after  section  of  the  splanchnic  nerves,  after  destruction 
of  the  thoracic  but  more  especially  of  the  abdominal  sympa- 
thetic ganglia,  on  stimulation  of  the  right  vagus,  etc. 

(J3)  Though  Lancereaux  and  others  had  pointed  out  that  in 
diabetes  the  pancreas  is  frequently  diseased,  the  experiments 
of  investigators  who  ligatured  the  pancreatic  duct  or  conveyed 
the  pancreatic  secretion  outside  the  body  through  a  fistula,  led 
to  results  so  little  like  those  of  diabetes  that  Cohnheim  rejected 
the  idea  of  a  connection  between  the  pancreas  and  diabetes, 
and  regarded  all  pancreatic  changes  occurring  in  diabetes  as 
"  accidental  complications."  But  the  importance  of  the  pan- 
creas in  some  forms  of  diabetes  at  least  was  conclusively 
proved  when  von  Mering  and  Minkowski  showed  that  complete 
removal  of  the  gland  leads  in  dogs  to  a  disease  comparable  in 
every  respect  with  diabetes  in  man.  The  animal  excretes  an 
excessive  amount  of  urine  containing  a  large  percentage  of 
sugar  (a  dog  weighing  7  kilos,  may  pass  in  twenty-four  hours 
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1000-1200  c.c.  of  urine  containing  70-80  gms.  of  sugar)  and 
sooner  or  later  containing  also  acetone,  diacetic  acid,  /3-oxybutyric 
acid,  in  fact  all  the  constituents  of  diabetic  urine.  He  eats 
and  drinks  voraciously,  but  wastes  and  loses  muscular  power 
nevertheless.  The  sugar  in  his  blood  increases  markedly  in 
amount,  but  the  glycogen  iu  his  organs  diminishes,  and  in  his 
liver  there  may  be  only  an  imponderable  quantity.  After  a 
short  time  (which  never  exceeded  four  weeks  in  the  eighteen 
successful  experiments  of  von  Mering  and  Minkowski,  and  has 
been  equally  short  in  the  numerous  confirmatory  experiments 
since  published  by  many  authors)  the  animal  dies  either  from 
inanition  or  from  lung  trouble  or  from  failure  of  the  healing 
process.  Extirpation  of  the  pancreas,  therefore,  leads  to 
exquisite  diabetes.  Nor  is  this  result  obtained  in  dogs  alone, 
for  the  same  authors  obtained  pancreatic  diabetes  in  cats  and 
in  a  pig.  In  rabbits  they  were  less  successful,  owing  to  the 
great  difficulties  attending  complete  removal  of  the  gland,  but 
Hedon  succeeded  by  inducing  atrophy  after  Bernard's  method 
of  injecting  oil  into  Wirsung's  duct.  Though  von  Mering  and 
Minkowski  failed  with  frogs,  Aldehoff,  and  Markuse  were  suc- 
cessful, the  latter  in  twelve  out  of  nineteen  experiments.  With 
regard  to  birds,  there  appears  to  be  a  difference  between  grain- 
eating  and  flesh-eating  species,  for  though  Minkowski  cites 
Langendorff  as  having  produced  the  disease  in  flesh-eating 
birds,  neither  Minkowski  himself  nor  other  investigators  have 
succeeded  in  producing  an  undoubted  pancreatic  diabetes  in 
grain-eating  birds. 

For  the  certain  production  of  diabetes,  complete  removal  of  the 
pancreas  is  necessary,  though  after  incomplete  removal  diabetes 
will  supervene  if  the  intra-abdominal  remnant  of  gland  under- 
goes subsequent  atrophy.  In  dogs,  according  to  Minkowski,  if 
four-fifths  of  the  pancreas  be  removed  the  animal  will  sometimes 
manifest  diabetes  though  of  a  less  severe  type.  The  delay  before 
onset  of  diabetes  after  operation  varies  in  different  animals. 
Sandmeyer  fouud  that  in  dogs  it  appears  immediately  after 
operation  and  before  the  animals  have  received  food,  gradually 
rises  during  the  next  three  or  four  days,  remains  at  its  maximum 
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for  a  few  days,  and  gradually  diminishes  till  death  occurs.  In 
frogs  Aldehoff  and  Markuse  found  that  diabetes  occurs  on  about 
the  fifth  day;  and  in  rabbits  Hedon  found  that  it  appears  at 
earliest  twenty  days  after  injection  of  oil  into  the  pancreatic  duct, 
and  is  at  its  height  between  the  thirtieth  and  thirty-fourth  days. 

Discussion  of  the  method  whereby  removal  of  the  pancreas 
leads  to  diabetes  will  be  reserved  till  later,  but  it  may  at  once  be 
stated  that  the  objection  raised  when  first  the  experiment  was 
made  known,  viz.,  that  the  result  depends  upon  injury  to  the  solar 
plexus  or  other  nerves  in  the  neighbourhood  of  the  pancreas,  is 
not  a  good  one.  For  if  a  portion  of  the  gland  be  transplanted 
beneath  the  skin  of  the  abdomen  and  the  rest  of  the  gland  be 
removed  completely,  no  diabetes  occurs,  though  it  occurs  immedi- 
ately if  the  subcutaneous  portion  be  removed  later.  That  is 
to  say,  diabetes  does  not  occur  when  there  is  possibility  of 
severe  nerve  lesion  and  does  occur  after  a  small  subcutaneous 
operation  of  no  moment  so  far  as  nerves  are  concerned. 

(y)  Phloridzin-poisoning  is  highly  important  from  a  theoretical 
point  of  view,  because  the  diabetes  to  which  it  gives  rise  differs 
somewhat  from  other  varieties  of  experimental  diabetes.  It  leads 
to  the  presence  of  sugar  in  the  urine  not  by  its  own  disintegra- 
tion (though  it  is  a  glucoside)  but  by  producing  changes  in 
the  animal  body  whereby  the  animal's  excretion  of  sugar  is 
increased ;  for  administration  of  1  gm.  of  phloridzin  will  lead  to 
the  excretion  of  nearly  100  gms.  of  glucose  in  the  urine.  Phlorid- 
zin diabetes,  according  to  most  authors,  differs  from  pancreatic 
diabetes  in  three  important  respects:  (1)  whereas  hyperglycemia 
follows  extirpation  of  the  pancreas,  hypoglycemia  follows  ad- 
ministration of  phloridzin  (this  is  denied  by  Pavy) ;  (2)  when 
pancreatic  diabetes  is  at  its  height  a  further  increase  of  sugar 
excretion  can  be  produced  by  administering  phloridzin ;  and  (3) 
according  to  Minkowski  no  hyperglycemia  results  in  phloridzin 
diabetes  if  the  kidneys  are  removed,  whereas  marked  hyper- 
glycemia occurs  under  similar  conditions  in  pancreatic  diabetes. 
Phloridzin  diabetes,  too,  is  important  in  that  it  occurs  under 
conditions  in  which  participation  of  the  liver  in  sugar-forma- 
tion is  impossible  or  improbable ;  thus  Thiel  found  that  it  pro- 
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duces  diabetes  in  geese  after  extirpation  of  the  liver ;  Wolkow, 
that  it  produces  diabetes  after  ligature  of  the  hepatic  duct  has  led 
to  disappearance  of  glycogen  from  the  liver ;  von  Mering,  that 
it  produces  diabetes  when  the  liver  has  undergone  marked  fatty 
degeneration,  a  condition  in  which  it  fails  to  contain  glycogen. 

With  regard  to  the  method  whereby  phloridzin  leads  to 
diabetes  we  are  at  present  uncertain.  One  view  is  that  it 
simply  increases  elimination  of  sugar  by  the  kidney,  and 
this  view  is  based  on  the  belief  that  phloridzin  diabetes  is 
accompanied  by  hypoglycemia.  Minkowski  suggests  that  the 
process  is  really  confined  to  the  kidney,  that  in  this  organ 
phloridzin  is  decomposed  into  phloretin  and  phlorose  (a 
glucose),  and  that  the  phloretin  combines  in  the  organism 
with  glucose  to  be  again  decomposed  in  the  kidney.1  But 
Levene  found  in  some  cases  that  the  amount  of  sugar  in  the 
blood  becomes  diminished  when  phloridzin  is  administered 
after  ligature  of  the  renal  vessels,  and  Cornevin  showed  that 
phloridzin  greatly  increases  the  amount  of  sugar  excreted  in 
rnilk;  hence  phloridzin  cannot  have  a  specific  action  on  the 
renal  excretion  alone.  The  other  view  is  that  phloridzin  leads 
to  an  excessive  formation  of  glucose,  and  that  it  produces  the 
glucose  at  the  expense  of  the  body  proteids ;  this  view  is  prob- 
ably the  correct  one,  for  the  urine  gives  evidence  of  excessive 
destruction  of  proteid.  Levene  suggests  that  perhaps  the 
change  may  take  place  in  the  kidney,  for  in  eight  out  of  nine 
cases  he  found  that  the  blood  in  the  renal  vein  contained  more 
sugar  than  the  blood  in  the  artery. 

With  regard  to  the  sugar-content  of  the  blood  in  phloridzin 
diabetes,  Pavy2  controverts  the  statement  that  there  is  hypo- 
glycemia. He  believes  that  sources  of  error  occur  in  estima- 
tion of  sugar  for  which  allowance  has  not  been  made.  By  an 
improved  method  he  estimated  the  sugar-content  of  the  blood 
in  eleven  cats  to  which  phloridzin  had  been  given  and  always 
found  a  marked  hyperglycemia.    Pavy  further  believes  that 

1  C21H24O10  (phloridzin) +  H20  =  C15H1405  (phloretin)  +  C6H1206  (phlorose); 
C35H1405  (phloretin) +  C6H1206  (glucose)  =  C21H24O10  (phloridzin) +  H20. 

2  "Proc.  Physiol.  Soc, "  Journ.  of  Physiol,  1896,  vol.  xx. 
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the  drug  breaks  up  proteid,  setting  free  a  glucoside  constituent, 
the  existence  of  which  in  proteid  he  has  attempted  to  prove 
by  showing  that  sugar  can  be  obtained  from  white  of  egg. 
It  is  probable,  however,  that  this  sugar  is  derived  largely  from 
ovo-mucoid ;  for  it  is  now  known  that  mucin  yields  copper- 
reducing  substances  allied  with  sugar  if  not  actually  sugar 
itself. 

The  Theories  of  Diabetes  Mellitus. — The  theories  that  have 
been  put  forward  t.o  explain  diabetes  mellitus  either  lay  stress 
upon  an  increased  production  of  sugar  or  upon  a  diminished 
consumption  ;  of  these,  theories  belonging  to  the  former  class 
are  the  more  numerous,  and  almost  without  exception  they  locate 
the  seat  of  increased  sugar-formation  in  the  liver. 

(1)  Vaso-hepatic  Theory. — After  Claude  Bernard  had  pro- 
pounded the  doctrine  that  normally  the  liver  supplies  sugar 
to  the  blood  by  the  action  of  an  amylolytic  ferment  upon  the 
glycogen  which  it  has  formed  from  the  carbohydrates  of  the  food 
and  has  stored  up  in  its  cells,  it  was  concluded  that  in  diabetes 
we  have  an  excessive  formation  of  sugar  in  the  liver.  And  after 
Bernard  had  further  found  that  puncture  of  the  floor  of  the 
fourth  ventricle  in  the  neighbourhood  of  the  vasomotor  centre 
leads  to  hyperglycemia  and  the  presence  of  sugar  in  the  urine, 
it  was  held  that  the  excessive  formation  of  sugar  in  diabetes 
depends  upon  an  increased  vascularity  of  the  liver  of  vaso-motor 
origin. 

This  theory,  which  we  may  call  the  "  vaso-hepatic  "  theory, 
though  generally  accepted,  met  with  some  opposition ;  it  was 
severely  criticised  by  Cohnheim.  Cohnheim  pointed  out  that 
there  was  no  incontrovertible  evidence  that  sugar  is  formed 
from  glycogen,  and  that  there  is  evidence,  from  the  fact  that 
the  normal  amount  of  sugar  is  present  in  the  blood  of  animals 
fed  on  food  free  from  carbohydrate,  that  the  sugar  in  the 
blood  may  be  derived  from  material  other  than  carbohydrate, 
material  which  there  is  other  evidence  to  show  is  proteid. 
Moreover,  even  if  sugar  be  formed  from  glycogen  there  is  no 
evidence  that  it  is  formed  from  the  glycogen  of  the  liver  alone, 
since  glycogen  is  widely  spread  throughout  the  animal  body. 
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And  lastly,  even  if  the  liver  formed  glycogen  and  the  glycogen 
became  haemal  sugar,  he  denied  that  there  was  any  clinical  or 
experimental  evidence  of  increased  vascularity  of  the  liver,  and 
maintained  that  in  any  case  puncture  of  the  fourth  ventricle 
could  not  bring  about  such  an  increased  vascularity  with 
accelerated  blood-flow  as  was  supposed  by  supporters  of  the 
theory. 

(2)  Glycolytic-ferment  Theory. — Though  the  vaso-hepatie  theory 
did  not  gain  Cohnheim's  acceptance,  he  hesitated  to  deny  the 
possibility  of  increased  sugar-formation  in  diabetes,  but  modified 

*  the  theory  by  adding  the  idea  that  there  is  diminished  destruction 
of  sugar.  This  diminished  destruction  he  considered  might  be 
due  to  some  defect  in  the  liver, — for  he  readily  granted  that 
sugar  absorbed  from  the  intestinal  tract  is  lost  in  the  liver,  and 
that  in  artificial  (puncture)  diabetes  there  is  evidence  of  liver 
change  in  the  loss  of  hepatic  glycogen  that  occurs, — but  on  the 
whole  he  considered  that  diabetes  depends  upon  "  the  absence  of 
ajerment,  whjch  in  a  normal  condition  initiates  the  further 
fosftmp.timi  of  dftTtrnsa" 1  This,  which  we  may  call  the 
"  glycolytic-ferment "  theory  is  largely  held  in  an  extended  form 
at  the  present  day. 

(3)  Tissue- glycolytic  Theory. — Besides  the  view  that  insufficient 
glycolysis  depends  upon  the  absence  of  a  ferment,  a  view  to 
which  reference  will  again  be  made  shortly,  it  has  been  held 
that,  in  diabetes,  oxidation  in  the  tissues  is  diminished,  so  that 
less  sugar  is  consumed  than  normal.  This  view,  which  essen- 
tially rests  upon  the  observation  that  in  diabetes  there  is  an 
abnormally  small  formation  of  CC^,  has  been  supported  by 
Ebstein  and  Van  Noorden.  In  spite  of  assertions  to  the  con- 
trary, the  bare  statement  that  the  production  of  C02  and  the 
respiratory  quotient  are  lower  in  diabetic  persons  than  in  healthy 
persons,  is  shown  by  Weyrtraud  and  Laves  to  be  true.  But  this 
does  not  mean  that  the  oxidative  processes  in  the  tissues  are 
less  in  diabetes  than  in  health,  for  such  is  not  the  case;  it 
means  that  the  diabetic  patient,  being  unable  to  use  sugar 
for  thermogenesis,  breaks  down  proteid  and  fat  for  the  purpose. 

1  Cohnheim,  lot.  eit,  p.  940. 
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Nevertheless,  though  these  authors  found  in  dogs  made  dia- 
betic by  extirpation  of  the  pancreas,  that  the  output  of  C02 
and  the  respiratory  exchange  are  much  the  same  as  in  normal 
dogs,  they  found  that  in  them  administration  of  dextrose  leads 
to  a  smaller  rise  of  the  respiratory  quotient  than  it  does  in 
normal  dogs.  Van  Noorden  lays  great  stress  upon  this  observa- 
tion, as  showing  that  in  diabetes,  sugar  consumption  in  the 
tissues  is  diminished. 

(4)  Neurosecretory  Theory. — Besides  the  vaso-hepatic  and  the 
glycolytic  theories,  mention  must  also  be  made  of  a  theory 
which  may  be  designated  the  "  neuro-secretory "  theory  of 
diabetes.  According  to  this  view  the  liver  is  supplied  with 
definite  glyco-secretory  nerves  which  are  independent  of  the 
vaso-mofcors.  Though  the  existence  of  these  nerves  has  not 
been  anatomically  demonstrated,  it  is  an  undoubted  fact  that 
lesion  of  nerve  matter  in  certain  regions  is  very  liable  to 
induce  glycsemia  and  glycosuria,  further,  Cavazanni  found 
that  stimulation  of  the  cceliae  axis  increases  sugar-formation 
in  the  liver,  and  Levenne  found  that  stimulation  of  the 
peripheral  end  of  the  vagus  has  a  similar  effect.1  So,  too, 
Morat  and  Dufourt,  starting  from  the  fact  that  after  section 
of  the  splanchnics,  cerebral  puncture  does  not  lead  to  glycos- 
uria, found  (1)  that  stimulation  of  the  peripheral  end  of  the 
splanchnics  in  dogs  increases  the  amount  of  sugar  in  arterial 
blood,  and  (2)  that  the  glycgemia  which  follows  on  cessation  of 
artificial  respiration  in  curarised  dogs  does  not  take  place  if 
the  splanchnics  are  cut.  In  a  crude  form  the  idea  that 
diabetes  is  a  disease  of  nervous  origin  is  old,  and  depended 
largely  upon  the  clinical  experience  that  diabetes  is  liable  to 
occur  in  persons  who  have  lately  been  subjected  to  nervous  worry 
or  who  have  received  injuries  to  the  head.  And  .Dickinson 
endeavoured  to  support  this  theory  by  the  histological  changes 
that  he  observed  in  the  brains  of  diabetics.    But  the  view 

1  It  is  possible  that  stimulation  of  the  vagus  acts  by  way  of  the  pancreas,  for 
Pawlow  found  that  vagus  stimulation  increases  the  external  secretion  of  the  pan- 
creas, and  Mett  found  that  it  leads  to  the  appearance  of  pancreatic  ferment  in  the 
otherwise  ferment-free  pancreatic  juice  of  starving  dogs. 
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that  diabetes  and  glycosuria  depend  upon  excitation  of  glyco- 
secretory  nerves  is  a  later  development. 

All  these  theories  have  undergone  some  modification  since  the 
time  when  von  Mering  and  Minkowski  demonstrated  the  im- 
portance of  removal  of  the  pancreas  in  causing  diabetes.  The 
vaso-hepatic  theory,  it  is  true,  is  now  dead;  but  modified 
glycolytic  theories  and  a  modified  neuro-secretory  theory  still 
.   claim  their  adherents. 

The  Pancreas  and  Diabetes. — The  essential  point  of  von  Mering 
and  Minkowski's  observation  lies-'  in  the  proof  it  gives  that  the 
pancreas  has  an  internal  as  well  as  an  external  secretion  ;  it  is  the 
internal  secretion  which  by  its  absence  leads  to  diabetes.  Con- 
troversy now  turns  upon  the  nature  and  the  function  of  this 
internal  secretion.  Upon  quite  insufficient  grounds  it  is  generally 
assumed  to  be  of  the  nature  of  a  ferment,  but  questions  as  to 
its  nature  are  insignificant  in  comparison  with  questions  as  to 
its  function.  : 

Lepine  holds  that  the  internal  secretion  of  the  pancreas  is  a 
glycolytic  ferment  such v as  that  which  Gohnheim  supposed  to 
exist.    He  found  if  the  finely  divided  pancreas  be  digested  for 
2-3  hours  with  a  -2  per  cent,  solution  of  sulphuric  acid  in 
distilled  water,  then  neutralised,  and  to  the  solution  glucose  be 
added  and  the  whole  be  further  digested  for  one  hour,  that 
about  half   the   added  glucose   has   been   destroyed.  This 
destruction  Lepine  believes  is  due  to  the  fact  that  the  acid 
converts  a  zymogen  contained  in  the  pancreas  into  glycolytic 
ferment.    Normally,  according  to  Lejjine,  the  ^ancrBaaJthro ws 
into  the  blood  by  way  of  the  lymphatics  a  glycolytic  ferment, 
the  absence  of  which  from  the  blood  in  animals  from  which  the 
0  a  i?ancreas  nas  Deen  extirpated,  allows  accumulation  of  glucose  in 
HI    ID  w-to        blood  and  excretion  of  glucose  by  the  urine.    He  asserts, 
,   ^    further,  that  in  the  blood  of  diabetics  there  is  less  glycolytic 
*1      iT  »■  ^ermenfc  tnan  m  normal  blood.    We  have  already  referred  to 
question  whether  normal  blood  contains  a  glycolytic  ferment 
£b(jO0v(rt^     ^  624),  but  though  Spitzer  allows  that  this  is  the  case  and 
a  that  the  glucose  is  oxidised  to  carbonic  acid  and  water,  he  can- 

n°t   confirm  Lepine's  statement  that   there  is  a  difference 
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between  normal  and  diabetic  blood  in  this  respect.  He  found 
that  the  glycolytic  power  of  the  blood  of  five  diabetic  persons 
was  about  the  same  as  that  of  healthy  persons. 

But  other  views  are  taken  with  regard  to  the  function  of  the 
internal  secretion  of  the  pancreas.  Chauveau  and  Kauffmann 
hold  that  the  ferment  influences  sugar  production.  They  can- 
not determine  how  it  does  this,  but  conclude  that  it  does  not 
act  by  way  of  the  central  nervous  system,  since  -Hedon  has 
shown  that  cerebral  puncture  leads  to  a  further  increase  of 
sugar  in  the  urine  of  a  dog  from  which  the  pancreas  has  been 
extirpated.  They  decide  against  the  view  that  pancreatic 
diabetes  depends  upon'  a  diminished  consumption  of  sugar  in 
the  tissues,  because  they  themselves  found  by  quantitative  esti- 
mation that  the  amount  of  sugar  used  up  in  the  muscles  of 
diabetic  animals  is  the  same  as  it  is  in  normal  animals,  and 
because  Weintraud  and  Laves  found  that  the  respiratory  ex- 
change and  the  respiratory  quotient  of  diabetic  dogs  is  the  same 
as  that  of  normal  dogs,  Dastre,  working  on  asphyxia,  also 
came  to  the  conclusion  that  the  glycsemia  and  glycosuria  seen; 
under  this  condition  depend  especially  upon  an  increased 
sugar-formation  in  the  liver. 

Von  Mering  and  Minkowski  keep  an  open  mind  as  regards 
the  action  of  pancreatic  internal  secretion.  They  consider  it 
possible  that  it  may  influence  either  the  production  of  sugar 
from  glycogen  by  its  action  on  the  liver-cells,  or  the  production 
of  glycogen  from  dextrose  by  its  action  on  dextrose,  or  the  tissues 
of  the  body  so  that  they  consume  the  dextrose  form  of  sugar. 
Under  any  of  these  conditions  absence  of  the  internal  secre- 
tion would  lead  to  glycsemia  and  diabetes.  Upon  the  first 
hypothesis  because  the  hepatic  cells  would  convert  glycogen  into 
sugar  at  an  abnormally  rapid  rate  owing  to  the  absence  of  a 
restraining  influence.  Upon  the  second  hypothesis  because  the 
liver  would  not  receive  from  the  food  that  form  of  sugar  (perhaps 
lsevulose)  from  which  alone  it  can  form  glycogen,  and  the  dextrose 
of  the  portal  vein  would  pass  into  the  general  circulation  and 
be  excreted.  Upon  the  third  hypothesis  because  absence  of  the 
internal  secretion  would  affect  the  tissues  in  such  a  way  that 
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they  would  no  longer  be  able  to  use  the  dextrose  form  of 
sugar  ;  normally,  under  the  influence  of  a  regulating  mechanism, 
when  there  is  need  of  sugar  in  the  tissues,  dextrose  is  produced 
by  the  liver  and  is  used  by  the  tissues;  in  the  absence  of 
pancreatic  internal  secretion,  the  liver  under  similar  circum- 
stances would  produce  dextrose  as  usual,  but  the  tissues  not 
being  able  to  make  use  of  sugar  in  this  form,  the  dextrose 
would  be  excreted. 

But  though  von  Mering  and  Minkowski  have  added  a  fact  of 
•yast-  importance  not  only  to  our  knowledge  of  diabetes  but  to 
the  far  wider  question  of  internal  secretions,  and  though  clinical 
and  experimental  evidence  are  well  in  accord,  we  are  still  far 
from  understanding  the  pathology  of  diabetes  mellitus.  That 
the  pathology  is  not  bound  up  with  the  pancreas  alone  is  shown 
by  the  facts,  amongst  others,  that  cerebral  puncture  and  admin- 
istration of  phloridzin  lead  to  a  further  excretion  of  sugar  in 
animals  made  diabetic  by  extirpation  of  the  pancreas.  Absence 
of  the  pancreatic  internal  secretion  is  an  important  cause,  but  it 
is  not  the  only  cause,  of  the  appearance  of  sugar  in  the  urine. 
Moreover,  it  is  possible  that  the  pancreatic  internal  secretion 
may  act  by  way  of  the  same  mechanism  as  cerebral  puncture 
and  phloridzin,  but  it  is  manifestly  impossible  that  cerebral 
puncture  or  phloridzin  can  act  only  by  way  of  the  pancreas  and 
its  internal  secretion  if  they  act  through  it  at  all. 

Probably  it  will  be  found  that  we  have  here  three  different 
ways  in  which  one  condition  which  leads  to  glycsemia  and 
diabetes  can  be  brought  about,  just  as  shock,  haemorrhage,  section 
of  the  splanchnics  are  three  different  ways  by  which  one  condi- 
tion— fall  of  blood-pressure — which  leads  to  a  diminution  of 
Urinary  secretion  can  be  brought  about.  May  has  shown  that 
in  fever  the  consumption  of  proteid  can  be  diminished  by  admin- 
istration of  glucose,  a  fact  which  suggests  that  in  fever  when 
glycogen  throughout  the  body  is  greatly  diminished,  the 
necessary  glucose  is  supplied  in  part  or  in  whole  by  destruction 
of  proteid.  If  this  be  so,  and  if,  in  fever,  proteid  is  modified  and 
converted  \ito  nitrogenous  bodies  and  glucose,  of  which  the 
glucose  is  used  up  by  the  tissues  and  the  nitrogenous  bodies  are 
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excreted,  it  is  possible  that  by  other  and  various  causes  not 
accompanied  by  fever  the  same  modification  and  conversion  of 
proteid  is  brought  about,  with  the  result  that  there  being  no 
especial  use  for  the  glucose,  it,  as  well  as  the  nitrogenous  bodies, 
is  removed  by  the  kidneys.  There  would  thus  be  produced  the 
morbid  condition  which  we  recognise  clinically  as  diabetes 
mellitus.  Three  facts  are  important  in  this  connection :  (1)  when 
a  diabetic  person  suffers  from  any  intercurrent  febrile  disease 
the  sugar  in  his  urine  generally  diminishes  in  amount  and  often 
disappears  altogether  ;  (2)  phloridzin  leads  to  a  diabetes  which  is 
accompanied  by  destruction  of  proteid ;  (3)  bodies  chemically 
allied  to  sugar,  and,  in  some  cases,  true  sugars,  can  be  obtained 
from  chondrin,  mucin,  colloid  substances,  which  are  widespread 
in  the  animal  body,  are  closely  allied  to  proteid,  and  into  the 
last  two  of  which  we  have  ample  evidence  that  proteid  may 
degenerate. 

More  than  this  cannot  be  said  at  present,  but  clinically  and 
experimentally  there  seems  to  be  a  fundamental  difference 
between  glycosuria  and  diabetes.  An  animal  can  only  be  made 
glycosuric  by  cerebral  puncture  or  by  injection  of  curare  if  its 
liver  contains  glycogen ;  such  a  condition  is  immaterial  for  the 
production  of  phloridzin  diabetes  or  pancreatic  diabetes.  It  is 
possible  that  the  glycosuric  animal  excretes  sugar  derived  from, 
carbohydrate  while  the  diabetic  excretes  sugar  derived  from 
proteid.  Such  a  difference  in  origin  would  well  accord  with  our 
knowledge  as  to  the  relative  gravity  of  the  two  conditions  so  far 
as  life  is  concerned. 

In  diabetes,  when  the  sugar  excretion  has  been  brought  to  its 
lowest  point  by  dieting,  consumption  of  a  single  article  of  carbo- 
hydrate food  leads  to  an  increase  in  the  output  of  sugar  far 
exceeding,  the  amount  contained  in  the  article  of  food  itself. 
This  fact  has  always  proved  a  stumbling-block  in  the  way  of 
theories  of  diabetes.  We  have,  it  is  true,  a  similar  result  in  the 
case  of  phloridzin,  and  we  know  that  when  a  fasting  animal  has 
reduced  his  nitrogen  output  to  the  lowest  level  compatible  with 
life,  administration  of  a  single  meal  of  proteid  food  leads  to  an 
increase  of  his  nitrogenous  output  far  exceeding  the  amount  of 
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nitrogen  given  in  the  food.  In  this  last  case  we  say  that  proteid 
is  a  stimulus  to  proteid  katabolism,  in  the  case  of  phloridzin  we 
^$  might  say  that  the  glucoside  is  a  stimulus  to  proteid  katabolism, 
and  if  the  suggestion  as  to  the  proteid  origin  of  diabetic  sugar  be 
true,  we  might  say  that  in  the  case  of  diabetes,  carbohydrate  is  a 
stimulus  to  proteid  katabolism.  This  is  the  more  probable  since 
Kinger  found  that,  in  diabetes,  ingestion  of  non-nitrogenous  food 
is  followed  by  a  markedly  increased  output  of  urea  as  well  as  by 
an  increased  output  of  sugar.  But  in  all  these  cases,  though  they 
have  probably  close  analogies,  the  "  explanation  "  given  is  no 
explanation,  but  only  a  periphrasis. 

To  sum  up.  We  cannot  as  yet  formulate  one  theory  to 
explain  all  morbid  conditions  in  which  sugar  is  discharged  with 
the  urine.  Nor  can  we  positively  say  whether  that  excretion  of 
sugar  depends  upon  an  excessive  formation  or  upon  a  diminished 
consumption ;  but  the  weight  of  evidence  is  in  favour  of  the 
view  that  excessive  quantities  of  sugar  are  produced,  and  it  is 
generally  held  that  the  seat  of  that  excessive  formation  of  sugar 
is  the  liver.  There  is  evidence,  however,  which  suggests  forcibly 
that  in  phloridzin  diabetes,  in  pancreatic  diabetes,  and  in  diabetes 
mellitus  the  sugar  may  be  of  proteid  origin,  in  which  case  the 
seat  of  formation  would  probably  not  be  confined  to  the  liver. 
Nevertheless,  the  possibility  even  in  these  diseases  that  the  sugar 
is  of  carbohydrate  origin  cannot  be  excluded. 

IV.  Morbid  Conditions  in  which  Substances  normally 
discharged  are  retained  within  the  Body.— The  subjects 
that  will  be  dealt  with  in  this  section  are  (i.)  retention  of  faeces, 
(ii.)  retention  of  urine  and  urinary  constituents,  (iii.)  calculi.  In 
the  case  of  the  first  two  it  will  often  be  necessary  to  distinguish 
between  conditions  in  which  the  retention  is  relative  only  and 
those  in  which  it  is  absolute,  for  the  clinical  features  are 
generally  very  different  in  the  two  groups  of  cases. 

(i.)  Retention  of  Faeces. — Retention  of  faeces  may  be  (a) 
relative  (constipation)  or  (b)  absolute  (complete  intestinal  ob- 
struction). 

(a)  In  constipation  the  bowels  act,  but  either  the  evacuations 
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are  too  small  or  take  place  at  inordinately  long  intervals,  so  that 
the  faeces  remain  in  the  body  for  an  abnormal  length  of  time. 
Pollock  records  a  case  in  which  an  action  of  the  bowels  took' 
place  once  every  three  months ;  this  is,  of  course,  remarkable, 
but  cases  in  which  there  is  an  action  only  once  a  week  are  by 
no  means  uncommon. 

The  causes  of  constipation  are  innumerable,  but  most  of  them 
may  be  included  in  one  or  other  of  the  four  following  classes  : 
(1)  constipation  from  obstruction;  (2)  constipation  from  impair- 
ment of  intestinal  propulsive  power;  (3)  constipation  from 
abnormal  consistency  of  the  faeces;  (4)  constipation  due  to 
lowering  of  reflex  irritability  of  the  defalcation  centre  in  the 
lumbar  cord. 

We  cannot  discuss  these  classes  in  detail,  but  the  following 
particulars  are  sufficient  to  indicate  the  kind  of  condition 
included  under  each  heading. 

(1)  Obstruction  may  come  from  within  the  bowel  or  from 
without.  Thus  it  may  depend  upon  new-growths  of  the  intes- 
tinal wall  or  of  neighbouring  parts  such  as  the  uterus,  upon 
inflammatory  adhesions  due  to  antecedent  peritonitis,  upon 
cicatrices  in  the  gut,  upon  malposition  of  viscera  such  as  a 
retroverted  uterus,  etc.  Obstructive  constipation  very  often  ends 
in  absolute  retention  of  fasces. 

(2)  Impairment  of  propulsive  power  may  depend  upon  weak- 
ness of  the  muscular  coat  of  the  intestine,  or  of  muscles  accessory 
to  defalcation,  e.g.,  diaphragm  and  abdominal  muscles.  Thus  con- 
stipation occurs  in  persons  whose  abdominal  walls  have  been 
repeatedly  stretched  by  successive  pregnancies  or  by  ascitic 
accumulation  of  fluid,  and  in  persons  in  whom  intestinal 
muscular  power  has  been  impaired  by  febrile  disease1  or  by 
chronic  over-distension  of  the  gut,  and  so  forth.  Or  it  may 
depend  upon  impairment  of  nervous  supply  to  the  intestinal 
muscles ;  such,  according  to  Lauder  Brunton,  is  probably  the 

1  The  constipation  of  peritonitis  and  perityphlitis  which  may  and  frequently 
does  amount  to  absolute  retention  is  of  this  nature,  though  probably  reflex 
inhibition  also  plays  a  part.  The  intestinal  muscles  in  these  cases  is  exactly 
comparable  to  the  muscle  in  the  neighbourhood  of  an  inflamed  joint. 
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explanation  of  the  obstinate  constipation  occurring  in  melan- 
cholia, mania,  and  cerebral  disease  generally. 

(3)  Abnormal  consistency  of  the  fseces  may  lead  to  constipa- 
tion, because  the  faxes,  when  they  reach  the  lower  part  of  the 
intestine,  are  either  so  hard  and  dry  that  they  cannot  readily  be 
forced  onwards,  in  which  case  the  condition  approximates  to  ob- 
structive constipation,  or  because  they  are  so  soft  that  they  do 
not  sufficiently  stimulate  the  bowels  to  peristalsis.  These 
conditions  depend  partly  on  the  amount  of  water  in  the  fseces, 
partly  upon  the  physical  characters  of  the  solid  constituents, 
factors  which  may  obviously  be  varied  by  many  conditions,  of 
which  alteration  in  the  characters  of  the  food  taken  by  the 
mouth,  alteration  in  the  excretion  of  water  by  other  paths  than 
the  bowels,  alterations  in  the  rate  at  which  the  intestinal 
contents  travel  along  the  gut,  are  the  most  important. 

(4)  Lowering  of  reflex  irritability  of  the  defalcation  centre  is  a 
very  important  cause  of  constipation.  In  most  cases  it  depends 
upon  the  fact  that  the  reflex  act  of  defalcation  when  called  forth 
by  the  stimulus  of  fseces  in  the  rectum  is  voluntarily  and 
habitually  inhibited,  so  that  a  kind  of  torpor  of  the  reflex  centre 
has  been  ultimately  produced.  This  may  depend  upon  sloth, 
misplaced  modesty,  the  fear  of  pain  induced  by  defalcation 
owing  to  the  presence  of  fissure  at  the  anus,  etc.,  or  upon  many 
other  causes.  On  the  other  hand,  inhibition  of  the  reflex  centre 
may  be  involuntary,  as  for  example  when  ovarian  or  uterine 
irritation  leads  to  a  constipation  which  disappears  when  the 
particular  irritation  is  allayed.  Or,  again,  the  mechanism  of 
defsecation  may  be  included  in  a  general  weakness  of  nervous 
tone  such  as  is  summed  up  in  the  condition  known  as  "  neuras- 
thenia." It  is  possible,  too,  in  neurotic  persons  and  in  those  who 
habitually  use  the  higher  functions  of  the  brain  that  abnormal 
development  of  certain  functions  of  the  brain  and  spinal  cord 
take  place  at  the  expense  of  others,  and  that  in  this  way  the 
mechanism  concerned  in  defsecation  may  suffer. 

The  results  of  constipation  are  as  varied  as  their  causes ; 
they  may  probably  be  referred  in  large  part  to  absorption  of 
toxic  substances  formed  in  the  bowel  by  bacteria,  but  at  present 


ACUTE  INTESTINAL  OBSTRUCTION. 


639 


we  know  little  as  to  the  nature  of  these  substances  and  still 
less  as  to  the  manner  in  which  they  act.  In  fact  we  do  not 
even  know  whether  the  same  substances  are  formed  in  con- 
stipation as  in  health.  Sir  Andrew  Clark,  indeed,  suggested 
that  the  anaemia  of  girls  is  largely  due  to  "  copraemia,"  a  name 
which  he  coined  to  imply  that  the  blood  is  charged  with  sub- 
stances of  faecal  origin.  But  however  probable  this  may  be,  we 
have  no  positive  evidence  that  constipation  alters  the  constitu- 
tion of  the  blood.  Many  persons  in  seemingly  perfect  health 
have  throughout  their  lives  been  the  subjects  of  marked  con- 
stipation. Acting  as  mechanical  irritants,  hard  masses  of  faeces 
(scybala)  may  lead  to  the  formation  of  "faecal  ulcers." 

(b)  Absolute  retention  of  faeces  only  occurs  in  intestinal 
obstruction  and  in  peritonitis.  Of  these  conditions,  too,  it  occurs 
especially  in  the  acute  varieties.  It  is  necessary  to  draw  a  sharp 
line  of  distinction  between  (1)  absolute  retention  suddenly  pro- 
duced and  (2)  absolute  retention  gradually  produced,  for  the 
characters  presented  by  cases  of  the  two  kinds  are  very  different. 

We  may  leave  on  one  side  consideration  of  peritonitis,  for  it 
presents  no  special  pathological  features  in  respect  of  retention 
of  faeces  that  call  for  remark.  But  it  must  be  noted  that  most  of 
the  symptoms  seen  in  cases  where  there  is  absolute  retention  of 
faeces  of  sudden  onset,  are  in  large  part  due  to  the  acute  peritonitis 
which  accompanies  acute  intestinal  obstruction.  This  peritonitis 
depends  upon  infection  by  micro-organisms  that  have  escaped 
from  the  bowel,  sometimes  through  an  actual  perforation,  more 
generally  through  the  anatomically  intact  intestinal  wall. 

(1)  Absolute  retention  of  sudden  onset  is  seen  in  its  simplest 
form  in  acute  intestinal  obstruction  occurring  in  a  healthy 
individual.  But  it  is  also  seen  in  patients  who  have  suffered 
from  constipation  (or  spurious  diarrhoea)  as  the  result  of  chronic 
intestinal  obstruction.  Sooner  or  later  almost  all  cases  of  chronic 
intestinal  obstruction  end  in  absolute  retention  of  sudden  onset. 
Widely  different,  therefore,  though  acute  and  chronic  intestinal 
obstruction  undoubtedly  are,  in  this  point  they  agree. 

Intestinal  obstruction  leading  to  absolute  retention  of  faeces  of 
sudden   onset — in  short,  acute  intestinal  obstruction  whether 
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primary  or  secondary — unless  relieved,  terminates  fatally  within 
six  or  seven  days.  It  is  accompanied  by  profound  shock  (and 
later  by  collapse),  by  vomiting  which  ultimately  becomes  faecal,1 
by  pain,  by  diminution  in  the  excretion  of  urine. 

Concerning  the  shock  and  collapse  we  have  already  spoken. 
The  vomiting  is  at  first  probably  of  reflex  origin,  such  as  that 
which  accompanies  conditions  causing  severe  pain,  e.g.,  crushing 
of  the  testis,  passage  of  a  renal  or  a  biliary  calculus,  dislocation 
of  a  semilunar  cartilage  in  the  knee-joint.  Later  it  depends 
upon  the  increased  peristalsis  which  occurs  in  the  intestine  above 
the  seat  of  obstruction,  and  which,  in  obstruction  low  down,  may 
be  so  marked  as  to  be  perceptible  by  the  hand,  or  even  obvious 
to  the  eye  through  the  tense  abdominal  walls.  In  faecal  vomit- 
ing, the  intestinal  contents,  and  not,  as  in  ordinary  vomiting,  the 
gastric  contents  alone,  are  ejected.  At  one  time  it  was  thought 
that  faecal  vomiting  depends  upon  a  reversed  peristalsis  such  as 
is  seen  to  take  place  in  the  oesophagus  in  ordinary  vomiting,  but 
it  is  now  generally  taught  that  in  intestinal  obstruction  the 
direction  of  intestinal  peristalsis  is  unaltered,  and  that  faecal 
vomiting  is  brought  about  in  the  following  way.  Peristalsis  acts 
to  a  greater  extent  upon  the  peripheral  portions  of  the  intestinal  - 
contents  than  upon  the  axial  portions,  and  when  the  peripheral 
portions  meet  the  obstruction,  continued  peristalsis  forces  them 
in  the  direction  of  least  resistance,  which  is  backwards  in  the 
'  axis  of  the  gut  towards  the  stomach.  The  pain  of  acute 
intestinal  obstruction,  often  very  severe,  is  partly  due  to  direct 
injury  of  the  intestine,  partly  to  the  peritonitis,  partly  to  the 
forcible  peristaltic  contractions  above  the  obstruction,  and  partly 
to  mechanical  distension  from  accumulation  of  putrefactive  gases 
(tympanites).  The  diminution  of  urine  is  commonly  said  to 
depend  upon  the  seat  of  obstruction,  but  this  is  denied  by  Treves, 

1  This  statement  is  not  absolutely  correct ;  when  obstruction  occurs  in  the  jejunum 
or  upper  part  of  the  ileum  the  vomit  can  never  be  strictly  "  faecal,"  though  it 
may  have  an  "intestinal  odour."  For  the  occurrence  of  faecal  vomiting  in  a 
strict  sense  the  obstruction  must  be  in  the  lower  part  of  the  ileum  or  in  the  large 
intestine  ;  the  contents  of  the  lower  part  of  the  ileum  are  often  little  more  than 
soft  faeces,  and  regurgitation  through  the  ileo-caecal  valve  may,  it  is  now  allowed, 
take  place  during  life.  The  statement  made  in  the  text  is,  however,  sufficiently 
correct  for  our  purpose. 
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who  holds  that  it  depends  upon  "  the  acuteness  of  obstruction 
and  upon  the  degree  of  impression  made  upon  the  nervous 
system." 1  It  is  certain  that  it  must  depend  upon  shock  which 
lowers  the  blood-pressure  and  upon  collapse  which  causes 
inspissation  of  the  blood,  for  both  of  these  conditions  are 
eminently  causes  of  diminished  secretion  by  the  kidney.  But  it 
is  difficult  to  believe  that  the  seat  of  obstruction  is  without  effect, 
firstly,  because  Treves  himself  allows  that  the  severity  of  shock 
and  collapse  in  acute  obstruction  "  is  more  marked  in  connection 
with  the  small  bowel  than  with  the  colon,  and  in  the  lesser 
bowel  it  is  the  more  severe  as  the  stomach  is  approached";2 
secondly,  because  vomiting  sets  in  earlier,  is  more  persistent,  and 
more  copious  the  higher  the  seat  of  obstruction ;  and  thirdly, 
because  the  higher  the  seat  of  obstruction  the  less  is  the  amount 
of  intestine  available  for  absorption  of  fluid.  All  these  con- 
ditions must  conjoin  in  diminishing  urinary  secretion. 

(2)  Absolute  retention  of  fasces  of  gradual  onset  is  only  seen 
in  cases  of  intestinal  obstruction  due  to  fascal  accumulation,  and 
in  them  it  is  very  rare.  This  condition  is  really  an  aggravated 
form  of  constipation  in  the  popular  sense  of  the  word,  and  the 
symptoms  observed  in  cases  in  which  this  variety  of  absolute 
retention  occurs,  are  far  less  severe  than  those  occurring  when 
absolute  retention  is  of  sudden  onset.  If  unrelieved,  the  case 
ends  fatally  it  is  true,  but  whereas  patients  in  which  onset  of  AA/" 
absolute  retention  of  fasces  is  sudden,  live  for  at  most  six  or 
seven  days,  patients  in  which  the  onseb  of  absolute  retention  is 
gradual,  may  live  for  weeks  or  even  months.  Treves  writes  of 
cases  in  which  no  motion  was  passed  for  fifteen  weeks,  eighteen 
weeks,  seven  months,  and  even  eight  months  and  a  half.  During 
this  period  the  patient  suffers  discomfort,  his  tongue  is  foul,  his 
abdomen  distended,  his  mental  condition  becomes  altered,  he  has 
foul  eructations,  nausea,  and  perhaps  vomiting,  and  the  vomit 
may  become  fseculent,  but  this  is  extremely  rare.  His  symptoms, 
in  fact,  are  similar  to  those  of  severe  dyspepsia  rather  than  to^j  j  ^  ^ 
those  generally  found  in  intestinal  obstruction. 

It  is  not  easy  to  explain  the  difference  between  cases  in  which 

1  Loc.  at.,  p.  843.  2  Loc.  cit.,  p.  839. 
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the  onset  of  absolute  retention  is  sudden  and  those  in  which 
it  is  gradual.  Probably  it  is  peritonitis  and  shock  that  make  the 
difference.  One  can  imagine  that  where  accumulation  of  faeces 
has  been  going  on  for  years,  the  retained  masses  become  so  hard 
that  even  if  perforation  occur  the  chances  of  a  generalised 
peritonitis  by  escape  of  intestinal  contents  into  the  abdominal 
cavity  are  small.  Perhaps  also  in  these  cases  the  chronic 
constipation  has  led  to  a  kind  of  active  immunity  to  the  products 
of  bacterial  action,  so  that  when  absolute  retention  occurs  the 
individual  is  able  to  withstand  doses  which  he  could  not  other- 
wise have  borne.  But  these  are  mere  surmises.  In  any  case 
the  condition  is  important  in  that  it  shows  clearly  that  the 
cause  of  death  in  intestinal  obstruction  of  the  ordinary  kind  is 
not  due  to  mere  failure  of  defecation.  Intestinal  obstruction 
leads  to  other  conditions  beside  which  impediment  to  the 
passage  of  intestinal  contents  is  insignificant ;  if  death  from 
intestinal  obstruction  were  due  to  this  cause  alone,  delay  of  a 
few  hours  in  affording  relief  by  surgical  means  would  not  be  so 
dangerous  as  it  undoubtedly  is. 

(ii.)  Retention  of  Urine  and  Urinary  Constituents. — 
In  the  case  of  faeces  it  was  impossible  to  distinguish  between 
retention  of  faeces  generally  and  retention  of  one  or  other  sub- 
stance normally  discharged  by  the  bowel.  But  in  the  case  of 
urine  it  is  not  only  to  some  degree  possible,  it  is  highly  im- 
portant. For  we  have  to  distinguish  between  (A)  retention  of 
urine,  in  which  urine  is  formed  but  not  discharged ;  (B)  suppres- 
sion of  urine,  in  which  it  is  a  question  whether  urine  is  secreted 
by  the  kidney  at  all ;  and  (C)  gout,  in  which  there  is  generally  a 
plentiful  discharge  of  urine  but  in  which  there  is  retention  of 
uric  acid. 

(A)  Retention. — Eetention  of  urine  occurs  under  two  forms,  ob- 
structive and  non-obstructive.  The  commonest  but  not  the  only 
causes  of  obstructive  retention  are,  in  men,  stricture  of  the 
urethra  and  enlargement  of  the  middle  lobe  of  the  prostate  gland, 
in  women,  tumours  of  the  uterus.  The  method  whereby  obstruc- 
tion is  produced  differs  in  these  cases.  In  men,  the  immediate 
cause  of  retention  is  usually  congestion  of  the  mucous  membrane 
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of  the  urethra  or  congestion  of  the  prostate ;  in  women,  the 
immediate  cause  of  retention  is  more  commonly  mechanical, 
the  bladder  being  dragged  upwards  by  the  uterine  tumour  owing 
to  the  attachments  between  bladder  and  uterus,  with  the  result 
that  the  urethra  is  elongated  and  forms  a  sharp  bend  above  the 
pubes  past  which  the  urine  cannot  be  forced.  Non-obstructive 
retention  (omitting  consideration  of  hysterical  retention)  is  of 
two  kinds,  that  due  to  atony  of  the  bladder  wall  and  that  due  to 
paralysis.  Atony  may  have  originally  depended  upon  obstruc- 
tion, and  in  old  persons  hypertrophy  of  the  prostate  and  atony 
of  the  bladder  often  conjoin  to  produce  retention,  but  appar- 
ently it  may  also  be  independent  of  obstruction  and  depend  upon 
senile  atrophy  or  fibrotic  changes  in  the  bladder  wall.  Reten- 
tion due  to  paralysis  of  the  bladder  occurs  in  diseases  of  the 
brain  and  spinal  cord  when  the  changes  affect  the  micturition 
centre  in  the  lumbar  cord,  either  destroying  it  by  including  it 
in  the  disease  or  inhibiting  its  action  for  a  prolonged  period.  In 
all  cases  where  the  patient  is  insensible  the  possible  occurrence 
of  retention  must  be  borne  in  mind. 

In  all  these  conditions  one  has  to  distinguish  between 
(a)  absolute  retention  and  (ft)  partial  retention  of  urine,  for, 
speaking  generally,  absolute  retention  produces  changes  in  the 
bladder  alone,  partial  retention  produces  changes  not  only  in 
the  bladder  but  also  in  the  kidney.1  The  reason  of  this  lies  in 
the  fact  that  while  absolute  retention  cannot  last  for  more  than 
a  short  time,  partial  retention  may  go  on  for  weeks. 

(a)  In  absolute  retention  the  bladder  is  always  dilated,  owing 
to  the  continued  secretion  of  urine  by  the  kidneys,  until  the 
pressure  in  the  bladder  and  ureters  has  reached  a  point  which  is 
unknown  in  man  but  which  in  the  dog  is  about  60  mm.  of 
mercury.  The  degree  of  dilatation,  however,  is  not  the  same  in 
all  cases,  as  it  obviously  depends  upon  the  degree  to  which  the 
vesical  wall  yields  before  the  increased  pressure  within  the 
bladder ;  hence  retention  will  not  lead  to  so  great  a  dilatation  in 
the  case  of  a  bladder  where  obstruction  has  led  to  hypertrophy 

1  Where  absolute  retention  supervenes  upon  a  long  continued  partial  retention 
it  is  obvious  that  we  shall  find  the  combined  effects  of  the  two  conditions. 
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as  in  one  in  which  there  is  atony.  In  the  latter  case  the  dis- 
tended bladder  may  reach  up  to  the  umbilicus.  The  degree  of 
dilatation  will  further  depend  upon  pain ;  for  where  retention  is 
painful,  relief  will  be  given  either  surgically  or  because  the 
pain  causes  some  movement  of  the  patient  which  leads  to 
rupture  of  the  organ,  long  before  distension  has  reached  so 
extreme  a  point  as  it  may  easily  reach  (unless  special  precau- 
tions are  taken)  where  retention  is  painless.  It  is  hardly 
necessary  to  remark  that  painless  retention  occurs  where  there 
is  interference  with  the  passage  of  afferent  impulses  from  the 
bladder  to  the  brain,  and  that  these  are  cases  in  which  from 
the  absence  of  hypertrophy  the  vesical  wall  offers  little  resist- 
ance to  dilatation.  Hysterical  retention  comes  into  this 
category.  Absolute  retention  from  obstruction,  if  unrelieved, 
ends  in  rupture  of  the  bladder,  non-obstructive  retention  in 
"  retention  with  incontinence,"  hysterical  retention  in  passage 
of  a  large  quantity  of  urine,  or  incontinence,  but  never  in 
rupture  of  the  bladder. 

In  cases  where  retention  of  urine  is  partial,  urine  is  dis- 
charged but  the  bladder  is  never  completely  emptied.  Partial 
retention  occurs  in  cases  of  prostatic  enlargement  where  hyper- 
trophy of  the  middle  lobe  of  the  gland,  by  projecting  into 
the  bladder,  causes  the  formation  of  a  pouch  behind  it  in 
which  urine  collects  that  cannot  be  removed  by  micturition.  It 
occurs  practically  in  all  cases  where  there  is  much  obstruction 
to  micturition  from  whatever  cause,  for  the  patient,  having 
relieved  himself  of  disagreeable  sensations  with  great  difficulty, 
is  content  and  does  not,  like  the  normal  person,  take  pains  to 
eject  the  last  drops  of  urine  from  the  bladder.  It  occurs  in  cases 
of  non-obstructive  retention  in  which  the  pressure  eventually 
attained  by  the  urine  in  the  bladder  is  sufficient  to  overcome 
the  weak  resistance  of  the  sphincter.  These  cases  constitute 
the  class  known  as  "  retention  with  incontinence  "  or  "  disten- 
sion with  overflow."  They  are  quite  distinct  from  true  cases  of 
incontinence  of  urine.  According  to  whether  the  bladder  can 
or  cannot  overcome  the  resistance  to  the  outflow  of  urine  it 
hypertrophies  or  dilates,  and  therefore  partial  retention  of  urine 
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may  be  met  with  in  a  hypertrophied,  a  hypertrophied  and 
dilated,  or  a  dilated  bladder  according  to  circumstances. 

Later  Effects  of  Partial  Retention. — It  is  very  rare  for  the 
urine  in  cases  of  partial  retention  to  remain  normal.  Partly 
as  the  result  of  its  mere  presence,  partly  as  the  result  of 
the  condition  upon  which  partial  retention  depends,  changes 
occur  in  the  bladder-wall.  At  first  the  mucous  membrane 
pours  out  a  little  mucus,  then  it  becomes  congested  and 
inflamed  and  cystitis  sets  in.  Theoretically,  perhaps,  this 
cystitis  might  be  aseptic,  but  practically  the  urine  contains 
micro-organisms  and  undergoes  putrefaction.  Whether  these 
micro-organisms  gain  entrance  by  the  urethra  in  all  cases  it 
is  difficult  to  say;  in  some  cases  they  are  introduced  during 
catheterisation,  in  some  it  is  possible  that  mucus  extending 
from  bladder  to  orifice  of  urethra  is  the  path  by  which  they 
travel  upwards,  and  there  is  no  reason  why  in  some  cases  they 
should  not  have  been  derived  from  the  intestine  or  vagina. 
But  in  any  case  they  gain  entrance  to  the  bladder,  multiply  in 
the  retained  urine  and  induce  or  intensify  cystitis.  Even  now 
they  and  the  accompanying  cystitis  might  perhaps  be  of  com- 
paratively little  moment  were  it  possible  at  frequent  intervals 
to  evacuate  the  bladder  completely,  but  since  the  septic  and 
inflammatory  products  collect  and  remain  at  the  base  of  the 
bladder  in  the  very  region  where  the  ureters  open,  infection 
readily  extends  by  the  ureters  to  the  kidney.  At  first  the 
ureters  and  the  pelvis  of  the  kidney  are  affected  alone,  but 
sooner  or  later  the  kidney  substance  becomes  involved.  As 
in  every  inflammation,  the  condition  may  or  may  not  be  accom- 
panied by  pus-formation. 

But  besides  this  mere  spread  of  infection,  another  change 
must  be  mentioned.  The  condition  upon  which  partial  reten- 
tion depends  and  the  changes  in  the  bladder  to  which  it  gives 
rise,  have  in  most  cases  induced  hypertrophy  of  the  bladder- 
wall  ;  for  to  the  original  trouble  there  has  been  added  the  fact 
that  the  urine  contains  much  mucus,  a  substance  more  difficult 
to  eject  than  simple  urine.  This  hypertrophy  presents  an 
obstacle  to  the  entrance  of  urine  into  the  bladder  from  the 
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ureters,  for  normally  the  ureters  run  for  about  an  inch  through 
the  muscular  and  mucous  coats  before  they  open  at  the  trigone, 
and  when  there  is  hypertrophy  of  the  comparatively  resistant 
muscular  coat  of  the  bladder  this  vesical  portion  of  the  ureter 
becomes  elongated  and  compressed.  As  a  result  of  this  ob- 
struction at  their  vesical  end  the  ureters  become  dilated  and 
tortuous ;  instead  of  having  the  diameter  of  a  goose-quill  they 
may  have  the  diameter  of  small  intestine.  The  pelvis  and 
calyces  of  the  kidney  share  in  the  dilatation,  the  pyramids  are 
pressed  upon  and  become  atrophied,  the  cortex  becomes  thinned, 
and  ultimately  the  kidney  may  be  converted  into  a  huge 
loculated  cyst  in  which  the  presence  of  renal  substance  is  with 
difficulty  to  be  recognised.  Add  to  this  the  fact  that  infection 
may  or  may  not  have  reached  the  kidney,  may  or  may  not  lead 
to  pus-formation,  and  it  is  clear  that  with  partial  retention  of 
urine,  the  kidney  may  present  an  infinity  of  different  appear- 
ances, ranging  between  that  in  which  it  is  almost  normal  and 
that  in  which  it  is  converted  into  a  dilated  pus-containing  sac 
(pyonephrosis,  "  surgical  kidney  "). 

It  may  be  mentioned  in  passing  that  renal  changes  similar  in 
appearance  and  in  pathology  to  those  which  have  just  been 
described  may  be  caused  by  obstruction  to  any  part  of  the 
urinary  tract  from  the  pelvis  of  the  kidney  downwards,  so  long  as 
the  obstruction  is  not  permanent  and  complete.  A  calculus  in  the 
renal  pelvis  or  the  ureter,  a  stricture  of  the  ureter  which  now 
and  then  becomes  for  a  short -time  impassable,  a  kink  in  the 
ureter  which  from  time  to  time  allows  passage  of  urine,  may 
equally  be  the  cause  of  any  of  the  changes  mentioned.  When 
the  renal  dilatation  is  aseptic,  the  loculated  sac  is  filled  with 
urine,  and  constitutes  a  hydronephrosis.  In  the  vast  majority  of 
cases  where  the  primary  trouble  lies  above  the  bladder,  we  have 
to  do  with  the  actual  presence  of  a  renal  calculus,  or  the  effects 
produced  by  passage  of  a  renal  calculus  along  the  ureter.  When 
the  calculus  is  present  in  the  pelvis  of  the  kidney,  pyonephrosis 
is  more  common  than  hydronephrosis,  as  it  is  in  all  renal  condi- 
tions secondary  to  affections  of  the  bladder  or  urethra ;  where, 
on  the  other  hand,  the  renal  calculus,  having  passed  down  the 
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ureter,  and  there  led  to  elongation,  formation  of  scar- tissue,  etc., 
reaches  the  bladder,  and  is  rapidly  passed  by  the  urethra,  hydro- 
nephrosis is  more  common  than  pyonephrosis. 

(B)  Suppression  of  Urine  or  Anuria. — In  this  condition  there 
is  failure  to  pass  urine,  because  no  urine  enters  the  bladder  from 
the  ureters ;  it  therefore  differs  widely  from  retention  of  urine. 

The  conditions  upon  which  suppression  depends  are  ob- 
viously those  concerned  with  normal  secretion  by  the  kidney, 
and  therefore  they  may  have  reference  to  blood-pressure,  to  the 
kidney-substance  itself,  or  to  the  pressure  against  which  secre- 
tion is  taking  place,  i.e.,  the  essential  factors  governing  normal 
urinary  secretion.  Clinically,  suppression  is  said  to  be  of  two 
kinds — -obstructive  and  non-obstructive — a  distinction  which  is  no 
doubt  clinically  useful,  but  which  is  pathologically  unsatisfactory, 
since,  as  we  shall  see,  it  is  doubtful  whether  some  of  the  "  non- 
obstructive "  cases  are  not  in  reality  "  obstructive,"  though  the 
obstruction  is  of  a  special  kind.  We  shall  therefore  not  adopt 
this  classification,  but  shall  divide  suppression  of  urine  into  (a) 
suppression  in  which  the  general  blood-pressure  is  low,  sup- 
pression due  to  disease  of  the  kidney,  (y)  suppression  due  to 
increase  of  pressure  in  the  pelvis  of  the  kidney. 

(a)  Suppression  in  which  the  General  Blood- Pressure  is  Low. — 
Bearing  in  mind  the  extreme  extent  to  which  secretion  of  urine 
— or,  at  least,  separation  of  the  water  of  urine — depends  upon 
the  blood-pressure,  it  is  clear  that  anuria  will  occur  whenever 
the  blood-pressure  in  the  glomeruli  is  below  a  centain-poiii-k 
What  this  point  is,  it  is  impossible  to  say,  since  we  do  not  know 
the  relations  obtaining  between  glomerular  and  aortic  blood- 
pressures.  But  there  is  no  doubt  that  when  the  blood- pressure 
in  the  carotid  of  a  dog  falls  to  or  below  30  mm.  of  mercury  as 
the  result  of  severing  the  spinal  cord  in  the  cervical  region,  or 
from  other  general  cause,  secretion  of  urine  is  almost  invariably 
arrested. 

There  is  no  doubt  that  the  anuria  seen  in  shock  depends 
upon  the  fall  of  general  blood-pressure  occurring  in  this  condi- 
tion, though  whether  fall  of  blood-pressure  constitutes  the  whole 
explanation,  we  cannot  say.    Secretion  generally  is  in  so  large  a 
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measure  dependent  upon  nervous  impulses,  apart  from  those 
leading  to  vascular  changes,  that  so  long  as  we  are  uncertain 
whether  the  kidney  possesses  definite  secretory  nerves  or  no, 
dogmatism  on  this  point  is  impossible.  Suppression  of  urine 
may  occur  in  shock  from  any  cause,  but  it  is  more  likely  to  occur 
the  more  severe  the  shock ;  hence  it  is  seen  especially  where 
shock  arises  from  perforation  of  stomach,  intestine,  uterus,  and 
injuries  of  this  description.  Shock  may  perhaps  also  account 
for  the  anuria  which  is  sometimes  seen  after  operations  on  the 
urethra,  or  even  after  mere  passage  of  a  catheter. 

In  the  suppression  which  may  accompany  collapse,  lowness  of 
aortic  blood-pressure  probably  plays  a  part,  for  we  have  seen  that 
in  the  later  stages  of  collapse  general  blood-pressure  falls  rapidly. 
But  it  is  possible  that  the  anuria  is,  in  part,  an  extreme  mani- 
festation of  that  diminution  in  secretion  of  urine  which  is 
noticed  under  all  conditions  in  which  large  quantities  of  fluid 
are  being  removed  from  the  blood  by  other  paths.  For  in 
the  early  stages  of  collapse,  anuria  probably  goes  hand  in  hand 
with  lowness  of  glomerular  blood-pressure,  apart  from  lowness  of 
general  blood-pressure.  Anuria  in  collapse  is  seen  to  a  marked 
extent  in  the  collapsed  stage  of  cholera,  or  in  severe  diarrhoea  or 
haBmorrhage.  An  anuria  of  mixed  origin  may  be  met  with  in 
any  case  of  severe  peritonitis. 

Suppression  in  which  the  general  blood-pressure  is  low — the 
suppression  of  shock  and  collapse — of  itself  leads  to  no  particular 
results  :  if  the  patient  rallies,  urinary  secretion  is  re-established, 
and  the  urine  is  normal,  or  nearly  normal,  though  it  may  contain 
for  a  short  time  a  little  albumin  or  a  few  blood-corpuscles. 
Where,  however,  the  lowness  of  blood-pressure  in  the  kidney 
has  persisted  for  a  sufficient  length  of  time  to  bring  definite 
renal  changes  in  its  train,  alterations  in  the  urine  are  more 
pronounced. 

Suppression  due  to  Disease  of  the  Kidney. — This  form 
of  suppression  differs  in  a  marked  degree  from  the  form  which 
has  just  been  described.  In  the  first  place,  the  anuria  does 
not  go  hand  in  hand  with  lowness  of  general  blood-pressure,  for, 
on  the  contrary,  the  general  blood-pressure  is  almost  invariably 
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raised;  and,  in  the  second  place,  the  suppression  leads  to  a 
peculiar  group  of  symptoms,  known  as  "  uraemia." 

When  disease  of  the  renal  substance  itself  leads  to  suppression 
of  urine  we  have  almost  always  to  do  with  acute  nephritis, 
whether  it  is  primary  or  supervenes  upon  another  renal  con- 
dition. In  these  cases  the  suppression  need  not  be  complete  ; 
often  a  small  amount  of  urine  is  passed,  which  is  generally  of 
high  specific  gravity  (1025-1030),  and  contains  blood-corpuscles 
and  blood-,  epithelial-  or  hyaline-casts.  But  this  small  amount 
of  excretion  does  not  greatly  modify  the  progress  of  the  case. 

The  actual  diminution  or  suppression  of  urine  in  acute 
nephritis  we  must  certainly  ascribe  to  the  in^mmajor^jcono^tion 
of  the  kidney ;  though  how  the  inflammation  acts  is  uncertain. 
Probably  the  retardation  of  blood-flow  occurring  in  the  vessels 
of  an  inflamed  part  is  of  great  importance;  indeed,  Cohnheim 
ascribes  the  diminution  in  urinary  secretion  in  all  cases  of 
nephritis  to  the  retardation  and  the  fall  of  blood-pressure 
which  he  says  must  accompany  every  inflammation.  Probably, 
also,  the  c^^jd^^jg^^where  block  the  urinary  tubules 
introduce  an  obstruction  in  the  way  of  secretion  that  cannot  be 
overcome.  With  this  latter  view,  however,  Cohnheim  does  not 
agree ;  "  it  is  not  because  the  casts  occupy  the  tubules  that  the 
urinary  secretion  is  reduced,  but  it  is  because  the  urinary  secre- 
tion decreases  that  the  casts  are  disposed  to  remain  seated  in 
the  tubules."  Nevertheless,  it  is  difficult  to  understand  how 
Cohnheim's  view  on  this  point  can  be  correct,  if  we  agree  with 
him  that  the  albumin  in  the  urine  is  derived  from  the  glomerular 
blood-vessels  owing  to  their  "  increased  permeability  "  ;  for,  if  the 
permeability  be  so  far  increased  as  to  permit  passage  of  albumin, 
it  is  reasonable  to  suppose  that  it  would  permit  an  increased 
and  not  a  diminished  flow  of  water.  This,  at  least,  is  the  case  in 
inflammation  elsewhere,  whether  we  explain  it  after  Cohnheim's 
fashion  or  in  any  other  way.  The  problem  is  so  complicated  a 
one  that  it  is  not  advisable  to  discuss  it  further  here.  For  we 
not  only  commence  with  an  uncertainty  as  to  how  far  the  water 
of  the  urine  is  a  secretion,  but  also  we  add  to  this  the  uncertainty 
whether  inflammatory  exudation  is  poured  out  by  mechanical 
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or  by  secretory  processes,  and  the  uncertainty  whether  the 
fluid  which  leaves  the  kidney  in  nephritis  is  urine  or  inflam- 
matory exudation  or  a  mixture  of  both.  It  is  quite  possible 
that  suppression  may  be  due  to  the  fact  that  the  kidney  is  so 
disorganised  in  acute  nephritis  that  for  the  time  it  is  unable 
to  secrete;  it  is  quite  possible  that  inflammatory  exudation 
coagulates  in  the  tubules,  and  prevents  secretion ;  it  is  quite 
possible  that  these  two  conditions  co-operate  ;  between  these 
possibilities  and  the  one  put  forward  by  Cohnheim  we  cannot 
decide  at  present ;  there  are  arguments  for  and  against  each  of 
them. 

Vrcemia. — Uraemia  being  a  clinical  term  for  a  series  of  phe- 
nomena we  shall  follow  clinicians,  and  divide  it  into  "  acute  "  and 
"  chronic."  In  the  acute  variety  these  phenomena  are  epilepti- 
form  convulsions,  accompanied  by  unconsciousness,  vomiting, 
/headache,  and  sometimes  transient  blindness.  The  convulsions 
are  in  all  respects  similar  to  those  occurring  in  epilepsy ;  there 
may  be  one  or  many,  or  the  patient  may  pass  from  one  con- 
vulsion into  another,  until  he  is  exhausted  and  rapidly  dies. 
Unless  urinary  secretion  be  again  established,  death  usually 
occurs  in  this  way  within  two  or  three  days ;  but  where  the 
secretion  is  not  reduced  to  an  extreme  extent,  or  where  it 
becomes  re-established,  recovery  from  an  acute  uraemic  attack 
is  possible.  A  convulsion  may  be  the  earliest  sign  of  acute 
uraemia,  but  more  commonly  the  onset  of  uraemic  convulsions 
is  preceded  by  vomiting  and  headache.  The  blindness  of  acute 
uraemia  is  remarkable  in  that  it  is  very  transient.  It  is  almost 
always  bilateral  and  complete,  but  it  entirely  disappears  within 
a  day,  or  at  most  a  few  days,  and  is  generally  unaccompanied  by 
any  ophthalmoscopic  changes.  In  chronic  uraemia,  convulsions 
are  much  more  uncommon.  The  patient  complains  of  headache 
or  giddiness,  and  he  may  become  drowsy  and  apathetic,  sometimes 
he  may  vomit,  not  infrequently  he  suffers  from  diarrhoea.  This 
condition  lasts  for  a  variable  time — days  or  weeks — and  ulti- 
mately passes  into  coma,  accompanied  by  marked  dyspnoea 
("  renal  asthma ")  and  profound  prostration.  In  such  a  condi- 
tion the  patient  probably  dies. 
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The  onset  of  acute  uraemia  is  almost  invariably  preceded  by  sup- 
pression or  marked  diminution  of  urine,  and  it  follows,  from  what 
has  been  said  above,  that  acute  uraemia  is  especially  associated 
with  acute  nephritis  (primary  or  secondary).  Chronic  uraemia, 
on  the  other  hand,  though  commonly  associated  with  some 
diminution  in  urinary  excretion,  is  not  often  associated  with 
great  diminution ;  it  occurs  chiefly  in  connection  with  fibrosis 
of  the  kidney  (chronic  granular  kidney). 

But  whether  there  be  suppression,  diminution  or  no  diminution 
of  urine,  acute  and  chronic  uraemia  agree  in  the  fact  that  they 
are  associated  with  diminished  excretion  of  urinary  solids,  and, 
in  particular,  of  urea  and  uric  acid ;  the  amount  of  these 
substances  excreted  per  diem  may  be  diminished  to  half  or  a 
quarter  of  the  normal,  or  even  less.  On  the  other  hand,  bodies 
of  the  uric  acid  group  other  than  uric  acid  itself  (xanthin  bases) 
are?  accordmg_jbo  Kolisch  and^ others,  always  increased.  The 
amount  of  urea  in  the  blood  is  generally,  though  not  always, 
increased,  and  may  be  two  or  three  times  as  much  as  normal. 
These  changes  in  urine  and  blood  are  most  marked  immediately 
before  the  onset  of  a  uraemic  attack  ;  when  the  attack  has  passed, 
the  amount  of  urea  in  the  blood  is  found  to  have  diminished, 

Theories  of  Urcemia. — From  what  has  been  said  in  the  pre- 
ceding paragraph,  it  would  seem  that  nothing  could  be  easier 
than  to  produce  an  artificial  uraemia  in  animals  by  intra-vascular 
injection  of  urea,  but  it  is  a  well-established  fact  that  the  amount 
of  urea  in  the  blood  may  be  artificially  raised  to  an  extraordinary 
height,  and  yet  uraemia  does  not  supervene.  Nor  is  uraemia 
produced  if  large  quantities  of  urine,  or  of  blood  taken  from  a 
dog  made  uraemic  by  ligature  of  the  ureters,  be  injected  into  the 
circulation  of  another  animal,  though  the  symptoms  are  more 
severe  than  after  injecting  urea ;  for  large  injections  of  urine 
produce  symptoms  of  poisoning,  whereas  injection  of  urea  is 
without  effect,  unless  the  amount  introduced  into  the  circulation 
is  truly  enormous.  This  general  absence  of  symptoms,  and  par- 
ticularly of  uraemia,  is  undoubtedly  due  to  the  rapidity  with 
which  the  foreign  substances  are  removed  by  the  kidneys  of  the 
healthy  animal,  for  under  any  of  the  conditions  mentioned  urinary 


652 


MORBID  SECRETIONS  AND  EXCRETIONS. 


secretion  is  greatly  increased,  and  the  urine  contains  an  excess  of 
urea.  If  the  ureters  be  ligatured  before  urea  is  injected  into  the 
circulation,  the  result  is  different,  for  the  animal  after  a  few  hours 
commences  to  vomit  repeatedly  (dog),  or  suffers  from  diarrhoea 
(rabbit),  and  in  the  course  of  a  day  or  two  dies  in  a  comatose 
condition,  after  manifesting  muscular  twitchings  or  actual 
convulsions.  But  in  this  experiment  it  is  ligature  of  the  ureters 
that  actually  leads  to  the  appearance  of  symptoms,  and  not 
injection  of  urea.  This  can  be  seen  by  ligaturing  the  ureters 
without  subsequent  injection  of  urea ;  identical  symptoms  are 
produced,  and  after  the  same  lapse  of  time,  so  that  injection  of 
urea  does  not  even  hasten  the  event.  It  is  said,  however,  that 
the  effects  are  different  when  urine  and  not  urea  alone  is  injected 
after  ligature  of  the  ureters,  for  now  vomiting  and  convulsions 
set  in,  and  the  animal  dies  comatose  in  about  an  hour  and  a  half.1 
But  the  fact  that  the  urea  of  urine  is  diminished,  and  the  urea 
of  blood  is  increased  in  cases  of  uraemia,  remains.  So  that,  after 
it  was  found  that  simple  retention  of  urea  is  insufficient  to 
explain  uraemia,  Frerichs  ascribed  the  condition  not  to  the 
action  of  urea,  but  to  the  action  of  ammonium  carbonate  into 
which  he  supposed  the  urea  was  converted  in  the  blood  by  a 
hypothetical  ferment.  This  view  he  supported  by  showing  that 
ammonia  can  often  be  detected  in  the  breath  of  uraemic  patients. 
This  theory  was  at  one  time  largely  held,  but  it  was  abandoned 
after  it  had  been  shown  that  the  ammonia  present  in  the  breath  is 
due  to  decomposition  of  nitrogenous  matter  in  the  mouth,  and  is 
found  in  many  conditions  in  which  there  is  severe  prostration, 
besides  uraemia,  and  after  Voit  had  shown  that  the  only  region 
in  the  living  body  where  conversion  of  urea  into  ammonium 
carbonate  takes  place  is  the  intestine,  and  that  here  it  produces 
local  effects  only  and  not  uraemia.  Nevertheless,  Voit  found 
that  when  a  dog  is  supplied  with  large  quantities  of  urea  in  its 

1  The  experiments  to  which  reference  is  here  made  are  those  of  Astaschewsky 
and  Feltz  and  Hitter  (cited  by  Cohnheim,  he.  cit.,  p.  1303).  They  are  not  con- 
vincing, for  we  have  no  evidence  that  the  urine  did  not  contain  toxic  substances 
of  putrefactive  origin,  and  even  if  the  urine  were  aseptic,  it  was  concentrated,  and 
the  mineral  salts  alone  might  account  for  the  symptoms.  This  indeed  Astas- 
chewsky allowed,  for,  following  Voit,  he  ascribed  a  considerable  part  in  the  pro- 
duction of  urcemia  to  poisoning  by  mineral  salts,  especially  those  of  potassium. 
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food,  and  its  supply  of  water  is  limited,  the  animal  soon  com- 
mences to  vomit  an  ammoniacal  fluid,  and  later  shows  great 
weakness  and  muscular  twitchings,  symptoms,  in  fact,  in  many 
respects  similar  to  those  of  uraemia.  These  symptoms  do  not 
appear  if  an  unlimited  supply  of  water  be  allowed,  and  even  if 
they  have  appeared,  they  may  be  removed  by  allowing  the  animal 
to  drink  freely.  By  some  authors,  therefore,  it  was  still  main- 
tained that  uraemia  is  due  to  poisoning  with  retained  ammonium 
carbonate,  though  they  shifted  the  seat  of  its  production  from 
the  blood  to  the  intestine. 

Attracted  by  the  importance  of  the  nervous  phenomena  in 
uraemia,  other  authors  have  propounded  cerebral  theories.  Traube 
attempted  to  explain  uraemia  by  concurrence  of  hvdraemia  and 
increase  of  arterial  pressure  in  producing  cerebral  anaemia,  a 
condition  which  it  is  well  known  may  give  rise  to  convulsions 
and  coma.  He  supposed  that  when  either  hydraemia  or  arterial 
pressure  is  suddenly  increased,  the  brain  becomes  (Edematous 
and  therefore  anaemic.  The  occurrence  of  coma  with  and  with- 
out convulsions,  he  ascribed  to  implication  of  different  parts  of 
the  brain  in  the  anaemia.  But  neither  this  view  nor  others 
which  ascribed  uraemia  to  meningitis,  cerebral  hyperemia,  etc., 
gained  much  acceptance  at  the  moment,  nor  have  they  stood 
the  test  of  time. 

Pending  further  knowledge  Cohnheim  declined  to  single  out 
any  single  ingredient  of  urine  as  the  cause  of  uraemia,  but 
ascribed  it  generally  to  retention  of  all  the  solid  constituents. 
g  At  the  present  time  the  tendency  is  to  regard  uraemia  as  being 
dependent  not  upon  urea,  nor  upon  a  destruction  product  such 
as  ammonium  carbonate,  but  upon  an  antecedent  of  urea.1 

1  The  relationship  between  the  bodies  to  be  discussed  can  be  recognised  by 

OH 

consideration  of  their  structural  formulae.    These  are  as  follow  :  CO<Qg  =  car- 

bonic  acid,  CO<^Qfj2  =  carbamic  acid,  CO<^H2  =  carbamide  or  urea.  Urea  may 
be  formed  by  heating  ammonium  carbonate  in  a  closed  tube  for  several  hours  at 
130°-140°  C,  CO<Q^g4  (ammonium  carbonate)  =  CO<^2  (urea)  +  2H20. 

The  same  change  occurs  on  heating  ammonium  carbamate,  CO^QNH  ^am" 

monium  carbamate)  =  CO<^[^  (urea)  +  H20. 
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The  most  important  work  bearing  upon  the  theory  of  uraemia 
that  has  appeared  during  recent  years  is  that  of  Hahn,  Massen, 
Nencki,  and  Pawlow.  These  authors  investigated  the  effects  of 
throwing  the  liver  out  the  circulation  by  making  an  artificial 
communication  between  the  portal  and  hepatic  veins  (Eck's 
fistula).  They  found  that  after  the  operation  the  animals  (dogs) 
very  frequently  show  nervous  symptoms  and  change  of  char- 
acter. Whereas  formerly  they  were  gentle  and  obedient,  now 
they  become  bad-tempered,  obstinate,  irritable,  restless,  and 
liable  to  maniacal  attacks  and  convulsions ;  their  rate  of  respira- 
tion, too,  is  increased.  This  condition  lasts  for  a  variable  time 
and  is  followed  by  depression  of  a  comatose  type.  The  animal 
refuses  to  rise  when  called,  sleeps  almost  continuously,  and  if 
forced  to  walk,  shows  that  co-ordination  of  hiuscles  is  impaired ; 
it  becomes  blind  and  loses  sensations  of  pain,  but  intelligence 
farec^^  «~  and  hearing  are  unaffected.  This  state  of  depression  often 
ctt?%«  precedes  another  maniacal  attack.    During  these  attacks  the 

i^r^  i^c^J^animal  often  loses  consciousness ;  attacks  generally  come  on  quite 
^  (n^^j) j^uddenly  and  are  very  likely  to  be  fatal.  They  appear  about  the 
tenth  day  after  operation,  and  their  onset  is  closely  bound  up 
with  administration  of  proteid  food.  Upon  this  latter  point 
there  is  no  doubt,  and  it  has  been  corroborated  by  the  observa- 
tions of  other  authors.  Besides  these  symptoms  the  animal  may 
suffer  from  diarrhoea  and  vomiting.  The  clinical  picture,  there- 
\  fore,  is  closely  similar  to  that  observed 'in  uraemia. 

Now  the  close  dependence  of  maniacal  attacks  upon  adminis- 
1  tration  of  proteid  diet  strongly  suggests  that  the  symptoms  are« 

}*  due  to  absence  of  those  metabolic  changes  occurring  in  the 

passage  from  albumin  to  urea  and  uric  acid  that  are  normally 
brought  about  in  the  liver.  Fjor  'though  many  of  the  arguments 
advanced  in  favour  of  regarding  the  liver  as  a  urea-forming  organ 
are  not  quite  conclusive,  there  is  still  reason  to.  believe  that  urea 
is  chiefly  formed  in  the  liver..  Assuming  this  to  be  the  case,  the 
authors  mentioned  next  turned  their,  attention  to  the  urine  and 
blood. 

They  found  tjiat  the  urine  of  their  animals,  showed  a  diminu- 
tion in  the  amount  of  urea,  a  constant  increase  in  the  amount  of 
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uric  acid,  which  was  less  marked  as  the  animals  presented  fewer- 
subsequent  symptoms,  an  increase  in  the  amount  of  ammonia,- 
which  was  often  five  or  six  times  as  great  as  normal,  and  a- 
very  considerable  increase  in  carbamic  acid.    The  ammonia  - 
was  excreted  as  a  carbamate.    In  the  blood  they  found  a  salt  - 
of   carbamic   acid.     Moreover,  they  found  that  injection  of- 
sodium  or  calcium  carbamate  into  the  blood  or  stomach  of- 
the  operated  dogs  immediately  calls  forth  symptoms  of  the- 
depression  type  if  -25  gm.  per  kilo  of  body  weight  be  given 
symptoms  of  the  excitement  type  if  *3  gm.  per  kilo  or  more  be- 
given.    In  normal  dogs  none  of  these  symptoms  are  produced,  how-  - 
ever  much  of  the  salt  is  given.    They  therefore  conclude  that  the  • 
symptoms  are  due  to  poisoning  with  a  carbamate  which,  if  the- 
liver  had  been  able  to  act,  would  have  been  converted  into  urea.- 
For  Schultzen  and  Nencki  have  shown  that  amido-acids  (e.g.r 
leucin  and  glycocoll),  which  are  obtained  by  hydration  of  proteids,- 
when  introduced  into  the  body,  are  excreted  as  urea,  and  car- 
bamic acid  is  (of  course)  an  amido-acid. 

The  liver,  however,  is  probably  not  the  sole  organ  by  which  - 
the  conversion  of  ammonium  carbamate  into  urea  can  be« 
carried  out,  for  even  after  almost  complete  extirpation  of  the~ 
liver,  or  when  ligature  of  the  hepatic  artery  is  conjoined  with- 
formation  of  Eck's  fistula,  the  urine  still  contains  some  urea,  and- 
the  amount  of  urea  in  the  blood  undergoes  no  change.  Hence- 
there  must  be  an  actual  formation  of  urea  by  parts  other  than  - 
the  liver.  Kauffmann  came  to  the  same  conclusion,  for  he  found- 
that  in  starving  dogs,  though  the  blood  only  contained  32  mgr.- 
of  urea  per  100  gms.,  the  brain  contained  86  mgr.  per  100  gms.? 
the  spleen  62  mgr.,  muscle  64  mgr.,  i.e.,  more  than  could  be" 
accounted  for  by  the  blood  which  they  contained.  There  is  some  - 
evidence,  too,  that  the  kidney  itself  may  take  a  share  in  forma-  - 
tion  of  urea  from  antecedents  of  urea. 

The  experiments  to  which  reference  has  just  been  made  might 
suggest  the  following  explanation  of  the  phenomena  of  uraemia. 
The  symptoms  of  uraemia  are  not  immediately  due  to  the 
renal  condition,  but  to  the  disorganisation  of  the  hepatic  func- 
tion of  forming  urea  from  ammonium  carbamate,  which  the 
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renal  disease  brings  about,  owing  perhaps  to  the  absence  of 
an  internal  secretion.1  Ammonium  carbamate,  therefore,  collects 
in  the  blood,  and  when  a  certain  degree  of  concentration  has 
been  produced  it  acts  upon  the  brain,  with  the  result  that  con- 
vulsions, coma,  etc.,  supervene.  But^the  renal  disease  does  not 
affect  the  power  of  muscle,  etc.,  to  form  urea  out  of  ammonium 
carbamate,  and  it  is  the  urea  of  this  origin  that  collects  in 
the  blood  and  causes  the  excess  of  urea  that  is  noted  before 
the  onset  of  uremic  phenomena. 

But  there  are  many  difficulties  in  the  way  of  accepting  this 
explanation  of  uraemia  as  it  stands,  not  the  least  of  which  is  the 
grave  doubt  whether  urea  is  formed  in  muscle  at  all ;  general 
opinion  is  against  ascribing  this  function  to  muscle,  at  least 
under  normal  circumstances.2  Moreover,  Eose  Bradford  found 
after  he  had  removed  the  greater  portion  of  both  kidneys  in  an 
animal,  that  actually  more  urine  containing  more  urea  may  be 
passed  than  before  the  operation :  from  this  fact  one  would,  a 
priori j  conclude  that  in  nephritis  more  urea  would  be  formed 
and  not  less. 

At  this  point  we  must  leave  the  question,  simply  stating 
that  uraemia  probably  depends  rather  upon  accumulation  of 
antecedents  of  urea  than  upon  accumulation  of  urinary  solids 
as  such.  What  these  substances  are  is  unknown,  but  the 
experiments  of  Hahn,  Massen,  Nencki,  and  Pawlow  forcibly 
suggest  that  one  of  them  is  ammonium  cajrbamate  which  has 
escaped  conversion  into  urea  in  the  liver.3 

(7)  Suppression  due  to  Increase  of  Pressure  in  the  Pelvis  of 
the  Kidney. — This  form  of  suppression  is  of  extreme  interest  in 
connection  with  the  form  last  considered,  in  that  the  symptoms 

1  Cf.  p.  658  below.  In  this  connection  it  is  important  to  note  that  the 
symptoms  of  acute  yellow  atrophy  of  the  liver — a  condition  in  which  disorganisa- 
tion of  liver  substance  is  extreme — in  many  respects  resemble  those  of  urremia  ; 
vomiting,  convulsions,  coma,  and  urine  changes  are  present  in  both. 

2  Of  course  the  accumulation  of  urea  in  the  blood  might  be  explained  on  the 
assumption  that  the  liver  does  not  lose  the  whole  but  only  a  part  of  its  power  to 
form  urea ;  but  this  explanation  does  not  suffice  for  experimental  exclusion  of 
the  liver. 

3  Allusion  will  be  made  in  the  next  section  to  the  presence  of  urea  in  the  vomit 
and  sweat  of  ursemic  patients. 
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to  which  it  gives  rise  are  quite  unlike  these  of  ursemia.  The 
patient  is  not  dropsical,  he  does  not  usually  vomit,  he  has  no 
convulsions.  He  is  drowsy  and  takes  short  snatches  of  sleep, 
hut  can  be  waked  with  ease,  though  he  falls  asleep  again  when 
his  attention  is  no  longer  attracted.  He  may  show  a  few 
muscular  twitchings,  but  the  principal  symptoms  besides  the 
somnolence  are  failure  to  pass  urine  and  feebleness  of  heart- 
action  with  a  marked  tendency  to  s^yncope^  Unexpected 
syncope,  indeed,  is  the  common  mode  of  death  in  these  cases, 
but  the  patient  lives  nine  to  eleven  days  after  the  onset  of 
complete  suppression  of  this  variety,  whereas  death  occurs  much 
earlier  when  complete  suppression  occurs  in  connection  with 
nephritis. 

The  cause  of  suppression  is  almost  always  obstruction  of  one 
ureter  by  a  renal  calculus  when  the  other  kidney  is  dis- 
organised by  disease,  but  any  condition  or  combination  of 
conditions  that  can  lead  to  sudden  and  complete  obstruction  of 
both  ureters  may  lead  to  this  form  of  suppression. 

The  pathology  of  this  variety  of  anuria  is,  if  possible,  more 
uncertain  than  the  pathology  of  uraemia.  In  both  cases  there 
is  retention  of  substances  (or  their  antecedents)  which  are  nor- 
mally found  in  the  urine,  and  it  is  not  easy  to  see  why  there 
should  be  a  difference  of  symptoms.  One  suggested  explanation 
is  that  a  certain  substance  (or  substances)  normally  found  in  the 
urine  is  partially  formed  in  the  kidney.  If,  owing  to  disorgani- 
sation of  renal  epithelium,  this  process  cannot  take  place,  ante- 
cedents of  the  substance  accumulate  in  the  blood  and  cause 
symptoms  of  uraemia  ;  if,  on  the  other  hand,  the  fault  lie  not  in 
the  renal  epithelium  itself,  but  in  excretion,  the  change  takes 
place  as  usual,  but  the  formed  substance,  being  reabsorbed, 
collects  in  the  blood,  and  not  the  antecedent.  There  is  some 
evidence  in  favour  of  this  view,  for  if  a  solution  of  kreatin  be 
made  to  circulate  through  the  vessels  of  the  excised  but  still 
living  kidney,  urea  is  formed.  But  it  is  difficult  to  suppose 
that  the  ureter  can  long  remain  blocked  without  inducing 
changes  in  the  renal  epithelium  itself,  which  would  abolish  its 

function.    Moreover  the  effects  of  ligaturing  the  ureters  in  a 

2  T 
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dog  approximate  more  closely  to  the  symptoms  of  uraemia 
than  to  those  occasioned  by  suppression  due  to  impacted 
calculus.  So  that  there  are  great  difficulties  in  the  way  of 
accepting  this  explanation. 

It  is  possible,  however,  that  the  kidney  has  an  internal  as  well 
as  an  external  secretion,  and  that  it  is  the  absence  or  presence 
of  the  internal  secretion  which  accounts  for  the  difference  of 
symptoms  in  the  two  forms  of  suppression.  This  is  the  view  that 
was  held  by  Brown-Sequard  ;  he  and  others  found  that  when  the 
kidneys  have  been  extirpated,  injection  of  an  extract  made  of  renal 
substance  produces  a  notable  return  of  vigour.  Brown-Sequard 
supposed  that  there  are  three  kinds  of  case :  (1)  those  corre- 
sponding to  total  ablation  of  the  kidney,  in  which  both  internal 
and  external  secretion  are  absent ;  (2)  those  corresponding  to 
nephritis  and  other  conditions,  in  which  the  kidney  substance 
is  profoundly  altered ;  in  them  the  internal  secretion  is  absent 
or  more  or  less  altered,  but  the  external  secretion  remains  in 
part ;  (3)  those  corresponding  to  suppression  from  increase  of 
pressure  in  the  pelvis  of  the  kidney,  in  which  the  external 
secretion  is  absent  but  the  formation  of  internal  secretion  is 
intact.  Since  we  have  learned  the  importance  of  a  pancreatic 
internal  secretion  there  seems  considerable  plausibility  in  this 
\>iew,  but  much  investigation  is  necessary  before  we  can  decide 
whether  it  is  more  than  a  plausible  hypothesis. 

Puerperal  Eclampsia. — Just  as  we  do  not  know  the  pathology 
of  the  albuminuria  of  pregnancy  so  we  are  ignorant  of  the 
pathology  of  puerperal  eclampsia.  The  symptoms  are  like 
those  of  uraemia,  and  the  fact  that  eclampsia  goes  hand  in  hand 
with  an  albuminuria  in  which  the  urine  is  greatly  reduced  in 
quantity,  inclines  many  authors  to  the  view  that  eclampsia  is 
uraemia.  It  is  quite  possible  that  this  is  the  case,  and  if  we  are 
to  regard  uraemia  as  dependent  upon  absence  of  a  renal  internal 
secretion,  we  are  to  a  large  measure  relieved  of  the  difficulty 
that  in  some  cases  of  fatal  eclampsia  the  kidneys  are  apparently 
normal.  We  have  a  parallel  in  the  case  of  diabetes,  for  though 
the  pancreas  is  generally  altered  in  fatal  diabetes,  in  some  cases 
it  is  apparently  normal. 
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(C)  Gout— In  gout  we  have  a  morbid  condition  in  which  the 
retention  of  uric  acid  within  the  body  is  clearly  shown  by  its 
deposition  from  time  to  time  in  joints  as  a  sodium  salt.  There 
is  often  no  diminution  in  excretion  of  urine,  or  if  there  be 
diminution  it  is  referrible  rather  to  the  fever  which  accom- 
panies an  attack  of  gout  than  to  the  gout  itself.  Nor  is  there 
necessarily  a  diminution  in  the  amount  of  uric  acid  excretion, 
though  such  is  generally  the  case ;  some  authors  have  asserted 
that  bodies  of  the  uric  acid  group  are  invariably  excreted  in 
excessive  amount  in  all  stages  of  gout,  but  their  statements  have 
been  denied.  In  any  case,  however,  excretion  does  not  go  hand 
in  hand  with  production,  so  that  uric  acid  is  heaped  up  in 
the  blood.  It  has  been  repeatedly  proved  by  quantitative 
analysis  that  the  amount  of  uric  acid  in  the  blood  is  at  its 
maximum  immediately  before  an  attack  of  gout  and  diminishes 
immediately  after  the  attack  has  subsided.  This,  taken  in 
conjunction  with  the  fact  that  crystalline  sodium  biurate  is 
actually  found  in  joints  that  have  been  the  seat  of  gouty 
inflammation,  is  sufficient  evidence  that  gout  depends  upon 
retention  of  uric  acid. 

The  sodium  salt  of  uric  acid  deposited  in  gouty  joints  is  a 
mortar-like  substance,  which  microscopically  can  be  resolved 
into  a  dense  meshwork  of  acicular  crystals.  The  substance 
appears  to  lie  on  the  surface  of  the  cartilage,  but  in  reality  it 
lies  immediately  beneath  the  articular  surface.  Its  position  in 
the  cartilage  is  highly  suggestive  that  it  has  been  mechanically 
deposited  from  the  synovia,  for  the  feltwork  of  needles  is 
densest  in  the  most  superficial  portions  of  the  cartilage  and 
gradually  becomes  less  dense  as  one  approaches  the  bone.  The 
salt  is  deposited  in  cartilage  of  other  parts  than  joints,  a  very 
common  situation  being  the  ear,  where  it  forms  small  accumula- 
tions ("tophi")  on  the  helix.  It  is  also  deposited  in  fibrous 
tissue  generally,  but  especially  in  the  fibrous  tissue  found 
in  the  neighbourhood  of  joints ;  nevertheless,  concretions  may 
be  found  in  the  fibrous  tissue  of  the  palms  and  soles,  eyelids, 
sclerotic,  cerebral  and  spinal  meninges,  etc.  In  many  cases 
it  is  deposited  in  the  supporting  fibrous  tissue  of  the  kidney, 
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leading  to  formation  of  the  "gouty"  or  "uratic"  kidney; 
in  the  cortical  portions  of  the  organ  the  accumulations  are 
scattered  without  obvious  arrangement,  but  in  the  medul- 
lary portion  they  are  arranged  in  lines  running  parallel  to  the 
vasa  recta.  In  such  an  animal  as  the  chameleon,  which  nor- 
mally excretes  nearly  all  its  nitrogen  as  uric  acid,  the  kidney 
sometimes  becomes  converted  into  a  mortar-like  mass  in  which 
very  little  of  the  original  kidney  substance  is  recognisable  under 
the  microscope. 

The  inflammation  going  on  in  a  joint  during  an  attack  of 
gout  calls  for  no  special  remark ;  it  is  simply  an  inflammation 
induced  by  a  mechanical  irritant. 

But  though  arthritic  manifestations  are  the  most  noticeable 
phenomena  of  gout  they  are  not  the  only  ones  presented  by  a 
gouty  person.  Leaving  out  of  consideration  those  manifestations 
which  do  not  concern  us,  it  may  be  pointed  out  that  though  an 
attack  of  gout  may  come  on  without  warning,  it  is  generally 
preceded  by  "  premonitory  symptoms."  The  patient  is  irritable  or 
depressed,  complains  of  headache  and  general  dyspeptic  symptoms 
— flatulence,  acidity,  loss  of  appetite,  foulness  of  the  tongue, 
palpitation,  etc. ;  or  he  may  suffer  from  neuralgia,  irritating 
cough,  cramps  in  the  leg,  etc.  Since  these  symptoms  come  on  at 
a  time  when  the  amount  of  uric  acid  in  the  blood  is  increasing 
and  disappear  immediately  the  arthritic  attack  is  established, 
they  may  reasonably  be  supposed  to  depend  upon  the  presence  of 
uric  acid  in  the  blood.  Slighter  manifestations  of  this  nature 
which  do  not  culminate  in  arthritic  attacks  are  not  infrequent 
in  gouty  persons,  or  indeed  in  persons  who  have  never  suffered 
from  gout  but  who  have  a  strong  family  history  of  gout ;  they 
have  been  summed  up  under  the  name  "  lithsemia  "  or  "  urataemia  " 
(Eoberts). 

It  is  probable  that,  besides  gout  as  it  presents  itself  to  the 
clinician,  a  great  many  slight  indispositions  not  amounting  to 
actual  disease  depend  upon  temporary  overloading  of  the  blood 
with  uric  acid  or  its  congeners.  Though  one  would  perhaps  not 
go  so  far  as  Haig,  who  considers  uric  acid  accumulation  as 
directly  or  indirectly  accountable  for  a  very  large  number  of 
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pathological  conditions,  it  is  in  the  highest  degree  probable  that 
we  have  hitherto  greatly  under-estimated  the  importance  of 
nuclein-derivatives  generally. 

The  pathology  of  gout  is  bound  up  with  questions  as  to  the 
chemical  combinations  which  uric  acid  can  form  in  the  body, 
and  the  solubilities  of  those  combinations.  These  subjects  have 
been  studied  with  great  care  by  Sir  William  Eoberts,  and  the 
statements  made  in  the  following  paragraphs  are  mainly  derived 
from  his  article  on  "  Gout "  in  Allbutt's  System  of  Medicine. 

Outside  the  body,  uric  acid  can  form,  with  each  of  the  alkalies, 
a  urate,  a  biurate,  and  a  quadriurate.  A  urate  can  only  be 
formed  by  the  inter-action  of  uric  acid  with  sodium  hydrate, 
potassium  hydrate,  ammonium  hydrate,  etc.,  and  since  these 
substances  do  not  exist  in  the  body,  normal  urates  cannot  enter 
into  the  question  of  gout.  Nevertheless,  it  is  usually  said  that 
the  material  in  gouty  joints  is  "  sodium  urate,"  the  deposit 
in  uratic  urine  is  a  mixture  of  "sodium,  potassium,  and 
ammonium  urates."  The  only  salts  with  which  we  are  concerned 
are  the  biurates  and  quadriurates. 

In  the  blood  and  in  normal  urine,  uric  acid  only  exists  in  the 
form  of  quadriurate,  a  substance  which  is  already  sparingly  \\  IL  * 
soluble  (1  in  500  of  serum)  and  which  in  an  alkaline  medium 
takes  up  another  atom  of  base  and  passes  into  biurate,  which  is 
almost  insoluble  (1  in  10,000  of  serum).  The  mortar-like 
substance  in  gouty  joints  is  sodium  biurate.  Conditions,  there-  •  ^ 
fore,  which  affect  the  solubility  of  sodium  biurate  and  its 
formation  from  the  quadriurate  are  of  great  importance  in  con- 
sidering the  pathology  of  gout.  To  these  we  shall  now  for  a 
short  time  turn  our  attention. 

The  Solubility  of  Sodium  Biurate  and  its  Formation  from  the 
Quadriurate. — Though  sodium  biurate  is  only  soluble  to  the 
extent  of  1  part  in  10,000  of  serum,  in  pure  water  at  37°  C. 
its  solubility  is  about  ten  times  as  great.  This  difference  in 
solubility  apparently  depends  upon  the  presence  of  sodium  salts 
in  serum,  for  Eoberts  found  that  solubility  of  the  salt  in  water 
diminishes  in  proportion  to  the  amount  of  sodium  chloride  or 
bicarbonate  in  solution,  so  that,  for  example,  in  a  *7  per  cent. 
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watery  solution  of  sodium  chloride,  sodium  biurate  is  almost 
insoluble.  Moreover,  if  the  salts  be  removed  from  serum  by 
dialysis,  it  dissolves  as  much  biurate  as  does  pure  water.  Hence 
in  the  body  deposition  of  sodium  biurate  will  be  more  liable  to 
take  place  according  as  the  solution  in  which  it  finds  itself 
contains  more  sodium  salts.  Eoberts  gives  the  following  table 
showing  the  percentage  of  sodium  salts  in  various  fluids,  tissues, 
and  organs  of  the  body,  and  it  is  remarkable  that  those  tissues 
which  are  most  liable  to  uratic  deposit  are  richer  in  sodium 
salts  than  those  which  are  less  liable. 


Table  showing  the  Percentage  of  Sodium  Salts  in  the  several 
Fluids,  Tissues,  and  Organs  of  the  Body. 


Blood-serum, 
Lymph,  . 
Synovia,  . 
Cartilage, 
Fibrous  tissue, 


Sodium  salts, 
per  cent. 
070 
070 
0-80 
0-90 
070 


Blood-corpuscles, 
Brain, 
Muscle,  . 
Spleen, 
Liver, 


Sodium  salts, 
per  cent. 
020 
0.20 
0-08 
0  04 
0'02 


But  sodium  biurate  exists  in  two  forms,  a  crystalline  and 
anhydrous  (to  which  alone  reference  has  hitherto  been  made), 
and  a  gelatinous  and  hydrated  form  which  is  very  unstable  and 
readily  passes  into  the  anhydrous  crystalline  form,  but  which  is 
far  more  soluble  in  serum.  In  its  passage  to  the  crystalline 
biurate,  sodium  quadriurate  passes  through  the  hydrated  variety 
of  biurate,  and  the  readiness  with  which  this  series  of  changes 
is  carried  out  depends  chiefly  upon  the  amount  of  quadriurate 
present  and  the  presence  or  absence  of  sodium  salts.  Eoberts 
found  that  the  series  of  changes  takes  place  more  rapidly  the 
higher  the  proportion  of  uric  acid  {i.e.,  quadriurate)  in  solution. 
Thus,  in  his  experiments,  when  uric  acid  was  present  in  solution 
to  the  extent  of  1  in  3000,  precipitation  of  biurate  commenced 
on  the  third  day,  when  present  to  the  extent  of  1  in  2000, 
precipitation  commenced  in  thirty-three  hours,  when  present  to 
the  extent  of  1  in  1000,  precipitation  commenced  in  six  hours. 
Similar  experiments  showed  that  the  readiness  with  which  crystal- 
line biurate  is  precipitated  from  solutions  originally  containing 
quadriurate  alone  is  hastened  by  the  addition  of  sodium  salts  to 
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the  solvent,  but  is  retarded  by  addition  of  potassium  salts.  At 
the  temperature  of  the  body,  too,  deposition  of  crystals  occurs 
earlier  than  at  the  temperature  of  the  room.  As  the  result  of 
all  his  experiments,  Eoberts  concludes  that  an  attack  of  acute 
arthritic  gout  can  only  take  place  when  the  synovia  is  im- 
pregnated with  uric  acid  to  the  extent  of  about  1  in  2500. 
These  facts  indicate  that  an  attack  of  gout  occurs  because  the 
synovia  and  lymph  are  charged  with  quadriurate  under  conditions 
which  lead  to  precipitation  of  crystalline  biurate ;  the  most 
important  of  these  conditions  being  apparently  high  percentages 
of  uric  acid  and  of  sodium  salts  in  solution. 

Joints  Affected  in  Gout. — The  fact  to  which  reference  has  been 
made,  that  cartilage  and  synovia  contain  a  greater  percentage 
of  sodium  salts  than  lymph,  blood,  etc.,  probably  accounts  for  the 
relative  constancy  with  which  joints  are  affected  in  gout  and 
gouty  conditions.  But  all  joints  of  the  body  are  not  affected 
with  the  same  frequency.  The  metatarsophalangeal  joint  of 
the  great  toe  is  almost  invariably  the  first  to  be  attacked,  and 
often  it  is  the  only  joint  affected ;  cases  of  arthritic  gout  in 
which  it  remains  free  are  almost  unknown.  On  the  other  hand, 
deposit  of  biurate  in  the  hips  and  shoulders  is  less  common,  while 
in  the  maxillary,  laryngeal,  and  stern o-clavicular  joints  it  is  ex- 
cessively rare.  The  explanation  of  this  fact  is  not  quite  clear,  but 
it  probably  depends  upon  differences  in  freedom  of  circulation ; 
in  this  connection  it  is  suggestive  that  joints  of  the  lower  limbs 
are  more  liable  to  be  affected  than  corresponding  joints  of  the 
upper  limb.  To  explain  the  frequency  with  which  gout  affects 
the  metatarso-phalangeal  of  the  great  toe,  Garrod  laid  stress  upon 
its  liability  to  slight  injuries ;  he  found  that  if  any  other  joint  has 
been  injured,  e.g.,  the  knee  by  a  fall  from  horseback,  it  is  liable 
to  be  affected  before  the  metatarso-phalangeal  joint,  even  though 
the  injury  may  have  taken  place  long  before  onset  of  the 
gout. 

With  regard  to  the  slighter  manifestations  of  the  gouty  state — 
which  are  non-arthritic — Eoberts  suggests  that  they  may  depend 
upon  localised  and  inextensive  deposition  of  crystals  which 
are  afterwards  redissolved,  for  though  sodium  biurate  is  sparingly 
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soluble  it  is  not  totally  insoluble.  He  also  calls  in  the  aid 
of  re-solution  to  explain  the  fact  that  joints  which  at  some 
distant  period  were  undoubtedly  affected  with  gout,  in  some 
cases  after  death  show  a  complete  absence  of  uratic  deposit. 

Source  of  Uric  Acid  in  Gout. — But  even  supposing  the  factors 
that  have  been  mentioned  are  the  immediate  causes  of  deposi- 
tion of  sodium  biurate  in  the  joints — and  upon  this  point  there 
is  not  universal  agreement1 — we  are  still  confronted  by  the 
question  as  to  why  uric  acid  (quadriurate)  is  stored  up  in  the 
blood  in  gouty  patients  at  all. 

It  is  certain  that  gout  is  often  associated  with  renal  disease, 
especially  of  the  fibrotic  type,  so  that  insufficient  excretion  may 
play  some  part  in  the  process,  but  it  is  far  more  probable  that 
there  is  an  excessive  formation  of  uric  acid  in  gouty  persons. 

Now  this  excess  of  uric  acid  may  be  formed  at  the  expense  of 
urea.  When  we  bear  in  mind  the  close  chemical  relationship 
between  uric  acid  and  urea,  it  seems  possible  to  explain  the 
condition  by  assuming  that  when  nitrogenous  metabolism  has 
been  arrested  at  a  point  of  oxidation  less  than  the  normal  (in 
which  urea  is  formed),  the  result  is  uric  acid.  This  seems  the 
more  reasonable  since  gout  is  especially  liable  to  occur  in  persons 
who  eat  much  nitrogenous  food  and  take  little  exercise,  condi- 
tions which  one  would  expect  to  favour  the  production  of  a  less 
highly  oxidised  end-product  of  proteid  than  normal.  Seductive 
as  this  hypothesis  is,  it  is  doubtful  whether  it  is  altogether 
correct,  especially  in  view  of  the  different  proteid  origins  which 
are  now  ascribed  by  many  authors  to  urea  and  uric  acid.  More- 
over, in  gout  and  in  the  intervals  between  attacks  of  gout  the 
excretion  of  urea  is  generally  normal.  Nevertheless,  excessive 
consumption  of  nitrogenous  food  and  deficient  exercise  are  so 

1  Pfeiffer  believes  that  uric  acid  exists  in  the  body  fluids  in  a  form  not  easily- 
soluble  and  having  a  great  tendency  to  precipitation,  so  that  it  is  precipitated  in 
the  tissues,  collects  in  quantities  and  leads  to  tissue  necrosis.  An  acute  attack 
of  gout,  according  to  this  author,  occurs  when  the  alkalinity  of  the  body  fluids 
is  increased  and  leads  to  a  partial  solution  of  the  deposited  uric  acid.  This  view 
is,  of  course,  diametrically  opposite  to  that  of  Roberts  given  in  the  text.  Von 
Noorden  considers  formation  and  precipitation  of  uric  acid  as  a  secondary  process 
caused  by  the  action  of  a  local  ferment  and  completely  independent  of  the  amount 
and  relations  of  the  uric  acid  formed  in  other  parts  of  the  body. 
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often  found  in  gouty  persons  that  one  is  loth  to  deny  that 
these  factors  may  account  for  the  accumulation  of  uric  acid 
in  the  blood. 

But  it  is  by  no  means  certain  that  the  excess  of  uric  acid 
in  gout  is  derived  from  the  ingesta  at  all.  For  more  important 
even  than  excessive  consumption  of  nitrogenous  food,  in  the 
causation  of  gout,  are  alcoholic  beverages,  and  in  them  nitrogen 
is  practically  absent;  moreover,  here  we  have  not  so  much 
to  do  with  an  excessive  consumption  as  with  a  moderate  con- 
sumption of  particular  kinds  of  alcoholic  beverages  (port,  sherry, 
madeira,  sweet  champagne,  ale,  and  beer). 

Now  these  beverages  possess  the  common  characteristic  that 
they  all  contain  a  large  proportion  of  sugar.  We  have  seen, 
in  the  case  of  diabetes,  that  consumption  of  sugar  leads  not 
only  to  an  excretion  of  sugar  greatly  exceeding  the  amount 
ingested,  but  also  to  an  increase  of  nitrogenous  excretion.  So 
that  it  is  possible  that  in  gout  also,  sugar  is  a  stimulus  to 
abnormal  proteid  metabolism ;  the  more  so  that  an  associa- 
tion between  gout  and  diabetes  is  shown  to  exist  by  the  facts 
that  gout  is  not  infrequently  accompanied  by  a  slight  degree 
of  glycosuria,  and  that  diabetes  mellitus  may  follow  immediately 
upon  an  acute  attack  of  gout.  In  the  same  way  it  is  possible 
that,  where  gout  is  associated  with  excessive  consumption  of 
nitrogenous  food,  the  uric  acid  is  not  derived  from  this  food, 
but  is  due  to  an  abnormal  and  increased  tissue  metabolism 
to  which  ingestion  of  nitrogenous  food,  like  ingestion  of  sugar, 
may  give  rise.  In  a  word,  we  do  not  know  what  is  the  proteid 
origin  of  the  excess  of  uric  acid  present  in  the  blood  in  gout ; 
perhaps  the  fault  lies,  not  in  the  ingesta,  but  in  the  proteids 
of  the  body  itself,  which  are  more  liable  to  destruction  than 
normal.  Such  a  peculiarity  might  well  be  inherited,  and  the 
hereditary  tendency  to  gout  (and  the  same  is  true  with  diabetes) 
is  one  of  the  most  striking  characters  of  the  disease.  We  shall 
probably  be  right,  however,  if  we  locate  the  immediate  seat  of 
uric  acid  formation  in  the  liver. 

Lead  and  Gout. — It  has  long  been  taught  that  there  is  a  con- 
nection between  poisoning  with  lead  and  gout,  but  it  is  doubtful 
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whether  the  relationship  is  causal  or  only  accidental.  Opinions 
are  divided  upon  this  point,  but  the  general  opinion  at  the 
present  day  is  that  though  lead-poisoning  does  not  cause  gout, 
it  often  leads  to  an  attack  of  gout  in  a  gouty  person.  Lead- 
poisoning  when  chronic  certainly  induces  renal  changes  (chronic 
granular  kidney),  and  perhaps  in  this  way  the  connecting  link  is 
made,  but  it  also  induces  hepatic  changes,  so  that  possibly  nitro- 
genous metabolism  in  the  liver  is  affected.  Ltithje  finds  in  dogs 
that  intoxication  with  lead  salts  has  no  effect  upon  the  excretion 
of  uric  acid,  as  most  authors  (following  Garrod)  believe.  Even 
when  the  poisoned  dogs  are  fed  with  thymus,  which  greatly 
increases  uric  acid  excretion,  the  same  is  true.  He  therefore 
ascribes  the  gout  of  lead-poisoning  to  increased  production  of 
uric  acid,  and  not  to  deficient  excretion.  Haig  believes  that  in 
these  cases  an  insoluble  lead  urate  is  formed.  The  effects  of 
lead-poisoning,  however,  are  so  many  and  varied  that  it  is 
useless  to  speculate  upon  the  way  in  which  lead-poisoning 
might  lead  to  gout,  so  long  as  we  are  uncertain  whether  a 
direct  connection  actually  exists. 

(iii.)  Calculi. — Under  various  conditions  substances  which 
are  normally  discharged  from  the  body  are  retained  and  collect 
in  masses,  forming  calculi  or  concretions.  Leaving  out  of  con- 
sideration gouty  concretions  and  the  concretions  sometimes 
found  in  veins  and  arteries  from  calcification  of  thrombi, 
calculi  are  found  mainly  in  the  gall-bladder  and  biliary  ducts, 
the  kidney  (and  especially  the  pelvis),  the  bladder  and  prostate, 
the  intestines,  the  salivary  and  the  pancreatic  ducts. 

The  composition  of  concretions  varies  considerably,  but  it 
is  clear,  from  the  work  of  Naunyn,  Ebstein,  and  others,  that 
in  most  cases,  if  not  in  all,  they  consist  of  an  organic  ground- 
substance,  in  the  meshwork  of  which  the  inorganic  substance  is 
deposited.  A  calculus  rarely  is  composed  of  one  inorganic 
substance  alone,  and  often  it  shows  on  section  a  stratified 
appearance,  indicating  that  the  layers  of  which  it  is  composed 
have  been  laid  down  at  different  times.  Thus  a  vesical 
calculus  on  section  may  show  that  the  centre  is  composed  of 
calcium  oxalate  upon  which  successive  layers  of  oxalate  and 
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uric  acid  have  been  deposited  alternately,  while  the  whole  is 
surrounded  by  a  shell  of  mixed  calcic  and  ammonio-magnesium 
phosphates.  Calculi  may  be  single  or  multiple,  and  different 
substances  have  somewhat  different  characteristics  in  this 
respect.  Thus,  the  renal  calculus  formed  of  calcium  oxalate 
is  usually  single,  but  several  uric  acid  calculi  are  commonly 
present  in  the  same  kidney.  Multiplicity  is  also  a  common 
characteristic  of  gall-stones ;  at  times  they  may  be  present  in 
scores.  When  more  than  one  calculus  exists  in  the  same  part, 
the  stones  are  almost  invariably  faceted  from  mutual  attrition 
or,  more  probably,  from  moulding  while  in  a  soft  state. 

Calculi  in  the  intestines  are  usually  gall-stones  which  have 
either  been  passed  by  the  common  bile-duct  or  have  ulcerated 
into  the  intestine ;  besides  them,  however,  "  fsecoliths "  are 
found  in  some  cases.  Faecoliths  are  simple,  hard  concretions 
formed  from  some  substance  derived  from  the  food.  Calculi  in 
the  intestines  do  not  call  for  special  consideration  from  our 
point  of  view,  though  they  are  clinically  of  importance  as 
occasional  causes  of  acute  and  chronic  intestinal  obstruction, 
appendicitis,  etc. 

Gall-stones  are  commonly  composed  of  cholesterin  or  a  mix- 
ture of  cholesterin  and  bile-pigment,  but  sometimes  they  con- 
sist of  bilirubin-  and  biliverdin-calcium  or  of  calcium  carbonate. 
The  reason  for  their  formation  is  not  quite  clear,  but  probably 
it  lies  in  a  previous  alteration  of  the  mucous  membrane  of 
the  gall-bladder  or  hepatic  ducts.  Naunyn  holds  that  the 
conditions  of  their  formation  are  (1)  alteration  of  the  mucous 
membrane,  which  leads  to  destruction  and  desquamation  of  epi- 
thelium and  outpouring  of  mucus,  and  (2)  stagnation  of  bile  in 
the  biliary  passages;  under  these  conditions  bilirubin-calcium 
and  cholesterin  are  precipitated  in  the  organic  material.  On 
the  other  hand,  Laves  placed  substances  of  great  variety  in  the 
gall-bladders  of  dogs  (irritating,  putrefactive,  alkaline,  acid,  sub- 
stances and  even  gall-stones),  but  never  found  that  they  in- 
duced calculus-formation;  in  fact,  small  soft  bodies  disappeared, 
larger  ones,  if  soluble,  were  dissolved  in  part,  and  if  insoluble, 
remained  completely  unaltered.     Mayer,  too,  inserted  balls 
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made  of  ivory,  agar-agar,  or  clay,  into  the  gall-bladders  of  dogs, 
and  left  them  there  for  periods  of  not  less  than  a  year,  but  his 
results  were  completely  negative  as  regards  calculus-formation. 
However,  gall-stones  do  not  normally  occur  in  dogs,  so  that  the 
value  of  these  experiments  is  perhaps  somewhat  diminished 
thereby. 

It  is  not  at  all  unlikely  that  micro-organisms  are  in 
a  large  measure  responsible  for  the  changes  in  the  mucous 
membrane  of  the  biliary  passages  which  lead  to  deposition  of 
substances  from  the  bile  and  formation  of  gall-stones  (assuming 
this  to  be  the  correct  view);  and  the  more  so  since  Chiari, 
Sherrington,  and  others  have  shown  that  in  typhoid  fever, 
anthrax,  etc.,  bacilli  in  pure  or  in  impure  culture  are  frequently 
found  in  the  gall-bladder.  Naunyn  ascribes  great  import- 
ance to  B.  coli  communis  in  causing  changes  in  the  mucous 
membrane  of  the  bile  passages.  The  views  put  forward  by 
this  author  that  bilirubin-calcium  is  precipitated  from  the  bile 
when  it  contains  calcium  in  excessive  quantities  brought  to  it 
by  the  blood,  and  that  cholesterin  is  formed  in  situ  from  the 
epithelial  cells,  are  probably  correct. 

Eenal  calculi  are  generally  composed  of  uric  acid  or  of 
calcium  oxalate,  but  concretions  formed  of  calcium  phos- 
phate, calcium  carbonate,  a  mixture  of  calcium  and  ammonio- 
magnesium  phosphate,  cystin,  xanthin,  etc.,  are  also  known. 
The  chief  investigations  made  recently  upon  renal  and  vesical 
calculus-formation  are  those  of  Ebstein  and  Nicolaier  and  of 
Turner.  Turner  found  that  foreign  aseptic  bodies  are  in  no- 
wise altered  by  a  sojourn  in  the  normal  urinary  passages,  and 
that  the  kidney  or  bladder  which  encloses  such  a  substance 
undergoes  no  alteration  due  to  the  simple  presence  of  this  body. 
Nor  is  calculus-formation  furthered  under  these  circumstances, 
by  giving  a  nitrogenous,  phosphatic,  uratic,  or  oxalate  diet. 
Ebstein  and  Nicolaier  produced  artificial  lithiasis  by  feeding 
dogs  and  rabbits  with  oxamide,  an  ammoniated  derivative  of 
oxalic  acid,  and  Turner  confirmed  their  results.  He  found,  in 
addition,  that  lithiasis  is  more  readily  obtained  if  at  the  same  time 
irregular  foreign  bodies  are  introduced  into  the  urinary  passages. 
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We  have  already  discussed  the  conditions  under  which  an 
excess  of  uric  acid  is  formed  in  the  body,  and  probably  in  the 
formation  of  uric  acid  calculi,  whether  uric  acid  is  produced  in 
excess  or  not,  the  conditions  are  much  the  same  as  in  gout ;  indeed 
in  gout  it  is  very  common  to  find  small  collections  of  crystalline 
uric  acid  in  the  urine  as  "  gravel."    With  regard  to  the  con- 
ditions under  which  calcium  oxalate  calculi  are  formed,  it  is 
doubtful  whether  passage  of  calcium  oxalate  in  the  urine  is 
entirely  a  pathological  process.    Though  the  opposite  view,  has 
been  held,  Dunlop  and  others  believe  that  oxalic  acid  is  a  normal 
constituent  of  the  urine  of  men  living  on  a  mixed  diet ;  neverthe- 
less, oxalate  of  lime  is  not  always  precipitated  in  the  urine,  though 
the  amount  of  lime  present  is  about  twenty  times  as  much  as 
is  necessary  to  precipitate  the  oxalic  acid.    Opinions  as  to  the 
source  of  calcium  oxalate  are  so  conflicting,  and  our  knowledge 
upon  the  whole  subject  is  so  scanty,  that  discussion  of  the  sub- 
ject here  is  impossible.    It  may  be  stated,  however,  that  most 
authors  hold  that  the  oxalic  acid  is  derived  from  vegetable  food, 
and  that  its  precipitation  as  a  calcium  salt  is  favoured  by  the 
presence  of  relatively  large  quantities  of  oxalic  acid  in  solution. 
Chemically,  however,  it  is  possible  that  the  oxalic  acid  is 
derived  from  uric  acid. 

Ph^plmti^alcali.'  are  occasionally  found  in  the  kidney,  but, 
more  commonly  in^tHe  bladder;  they  can,  of  course,  only 
occur  when  the  urine  is  alkaline.  When  a  phosphatic  cal- 
culus contains  ammonium  salts  it  must  have  been  formed  in 
a  urine  which  was  not  only  alkaline  but  had  also  undergone 
ammoniacal  fermentation.  Salivary  and  pancreatic  calculi 
mainly  consist  of  calcium  carbonate;  prostatic  calculi,  of 
calcium  phosphate.  But  we  shall  not  stop  to  consider  these 
calculi.  Nor  shall  we  discuss  the  effects  of  calculi;,  though 
they  are  of  extreme  importance  clinically,  the  symptoms,  etc., 
which  they  produce  are  due  to  their  mechanical  action  and  call 
for  no  special  remark  in  this  place. 

Under  the  heading  of  "  morbid  conditions  in  which  substances 
normally  discharged  are  retained  within  the  body"  ought  rightly 
to  be  considered  such  abnormal  conditions  as  imperforate  anus, 
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imperforate  urethra,  imperforate  hymen,  which  are  due  to 
developmental  defects,  retention  of  portions  of  placenta,  or 
even  of  the  whole  placenta,  due  to  adhesions  contracted  between 
it  and  the  uterine  wall,  retention  of  a  dead  and  altered  foetus 
(lithopsedion,  etc.),  even  undue  prolongation  of  pregnancy,  and  so 
on.  But  though  these  conditions  are  interesting  and  highly 
important,  their  discussion  would  take  us  beyond  the  scope  of 
this  work. 

V.  Morbid  Conditions  in  which  Substances  are  dis- 
charged from  the  Body  by  Abnormal  Paths. — Though  it 
is  doubtful  whether  jaundice  can.  rightly  be  considered  under  this 
heading,  since  it  is  perhaps  hardly  correct  to  say  that  bile  or  even 
bile-pigments  are,  as  such,  normally  discharged  from  the  body, 
it  is  convenient  to  assume  as  a  fact  the  statement  commonly 
made  that  bile  is  present  in  the  faeces,  and  to  consider,  when 
bile-pigments  are  found  in  urine  and  sweat,  that  they  are  dis- 
charged "by  abnormal  paths."  Jaundice,  therefore,  being  the 
most  important  condition  that  we  shall  have  to  discuss  in  this 
section,  its  pathology  will  be  dealt  with  first.  Other  conditions, 
which  we  shall  afterwards  have  to  mention,  will  not  detain  us 
long. 

(i.)  Jaundice. — In  jaundice,  bile-pigments,  and  in  some  cases, 
bile-salts,  are  discharged  from  the  body  by  paths  other  than  the 
bowel.  They  leave  it  in  urine,  in  sweat,  in  inflammatory  and 
other  exudations.  But  though  we  have  chosen — and  with  justice 
— to  lay  stress  upon  the  discharge  of  bile  or  its  pigments  from 
the  body,  the  most  noticeable  feature  of  jaundice,  and  the  one 
from  which  it  takes  its  name,  is  the  presence  of  bile-pigment  in 
the  subcutaneous  tissues.  It  is  found  nearly  everywhere — the 
conjunctiva,  the  vitreous  humour,  the  lungs,  kidneys,  fat,  serous 
fluids,  sweat  (to  take  some  examples)  are  all  yellow.  The  brain 
and  spinal  cord,  however,  the  liver  in  some  cases,  saliva,  tears, 
gastric  and  pancreatic  secretions,  and  mucus  are  free  from  pig- 
ment. The  colour  is  not  always  yellow;  when  jaundice  has 
existed  for  a  considerable  length  of  time  (and,  according  to 
Fagge,  when  it  has  been  dependent  upon  complete  obstruction  of 
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the  bile-ducts,  but  not  otherwise)  the  bile-pigment  in  the  skin 
undergoes  oxidation  as  it  does  outside  the  body,  and  the  colour 
gradually  changes  to  an  olive-  or  a  dirty  grey-green.  The  pig- 
ment is  generally  in  solution,  but  in  long-standing  cases  and  in 
the  jaundice  of  infants  (icterus  neonatorum)  it  is  deposited  any- 
where in  the  body,  but  especially  in  the  kidneys  and  fat,  in  a 
crystalline  form.  The  wide  distribution  of  bile-pigment  in 
jaundice  indicates  that  the  pigment  is  conveyed  to  different  parts 
by  the  blood,  and  when  the  plasma  or  serum  is  separated  from 
the  corpuscles,  it  is  seen  to  be  more  or  less  deeply  bile-stained. 

The  fact  that  bile-pigment  is  found  in  the  blood,  taken 
together  with  the  fact  that  the  most  marked  cases  of  jaundice 
are  those  in  which  there  is  obstruction  to  entry  of  bile  into  the 
intestine  through  the  common  bile-duct,  early  led  to  the  recogni- 
tion of  a  jaundice  of  obstructive  origin.  The  obstruction  may 
be  caused  by  a  gall-stone  which  has  passed  through  the  cystic  into 
the  common  bile-duct,  a  gall-stone  which  has  formed  in  the  hepatic 
duct,  a  tumour  of  any  kind  which  presses  upon  and  occludes  the 
common  or  hepatic  duct,  e.g.,  carcinoma  of  the  head  of  the  pan- 
creas or  a  gumma  in  the  portal  fissure,  a  catarrhal  swelling  of  the 
mucous  membrane  of  the  duodenum  or  common  bile-duct,  and 
so  on.  In  these  cases  it  is  assumed  that  bile  is  formed  by  the 
liver  as  usual,  but  being  unable  to  escape  into  the  intestine,  it  is 
reabsorbed,  and  enters  into  the  blood  either  indirectly  by  way 
of  the  lymphatics  and  thoracic  duct,  or  directly  by  bursting  of 
the  dilated  bile-radicles  into  the  blood- capillaries  of  the  liver 
(Ziegler). 

This  form  of  jaundice  was  originally  termed  "  hepatogenous," 
to  distinguish  it  from  jaundice  in  which  no  obstruction  to  the 
excretory  ducts  was  found,  in  which  the  symptoms  were  often 
very  different,  and  which  occurred  under  conditions  that,  it  was 
contended,  imply  a  formation  not  of  bile  by  the  liver,  but  of  bile- 
pigment  in  the  blood  itself ;  jaundice  of  this  description  was 
termed  "  hematogenous." 

Even  this  division  of  jaundice  into  hepatogenous  and  hsema- 
togenous  is  only  of  comparatively  recent  origin  (Kiihne,  1868), 
for  previously  a  division  had  been  made  into  jaundice  from 
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obstruction  and  jaundice  from  non-elimination.  Jaundice  from 
non-elimination  was  so  called  because  it  was  assumed  that 
whereas  bile-salts  are  formed  in  the  liver,  bile-pigments  pre- 
exist as  such  in  the  blood,  and  are  simply  separated  therefrom 
by  the  liver.  But  this  view  has  been  conclusively  proved 
erroneous — so  far,  at  least,  as  the  general  circulation  is  con- 
cerned— by  the  experiments  of  Kuhne  and  others  on  frogs,  and 
Minkowski  and  Naunyn  on  geese  and  ducks.  These  authors 
extirpated  the  livers  of  the  several  animals,  and  found  that  the 
animal  does  not  become  jaundiced,  nor  do  bile-pigments  accumu- 
late in  the  blood,  nor  are  they  excreted  in  the  urine.  Hence 
a  jaundice  from  non-elimination  of  bile-pigment,  in  this  sense, 
does  not  exist. 

Frerichs  allowed  that  bile-pigment  is  directly  formed  by  the 
liver,  and  attempted  to  explain  cases  of  jaundice  in  which  no 
obstruction  to  the  bile-ducts  is  obvious,  by  assuming  that  they 
are  accompanied  by  "  polycholia."  By  this  he  meant  that  the 
amount  of  bile  reabsorbed  from  the  intestine  is  so  great  that  a 
portion  is  unable  to  undergo  its  normal  metamorphosis  in  the 
tissues,  but  circulates  in  the  blood.  He  ascribed  the  greatest 
importance  to  the  bile-salts  in  the  causation  of  this  "  non- 
obstructive "  form  of  jaundice,  for  he  asserted  that  bile-acids  can 
be  directly  converted  into  bile-pigment  by  the  action  of  sulphuric 
acid  outside  the  body,  and  showed  that  injection  of  decolorised 
bile  into  the  circulation  of  animals  leads  to  the  appearance  of 
bilirubin  in  the  urine.  It  was  soon  proved,  however,  that  the 
bile-salts  of  decolorised  bile  are  not  directly  converted  into 
bile-pigment,  but  produce  bilirubinuria  by  acting  upon  the  red 
blood-corpuscles ;  Kiihne  found  in  dogs  that  if  he  made  an  intra- 
venous injection  of  blood  colouring  matter,  he  obtained  hsemo- 
globinuria,  whereas  if  he  added  a  small  quantity  of  a  bile-salt  to 
the  injected  oxyhemoglobin,  bilirubin  appeared  in  the  urine. 
We  shall  have  to  return  to  this  question. 

Jaundice  from  Obvious  Obstruction  ("  Obstructive"  "  Hepatogen- 
ous "  Jaundice). — We  will  first  consider  cases  of  jaundice  in  which 
obstruction  is  obvious,  for  their  pathology  is  apparently  simpler. 
Of  the  1J-2  pints  of  bile  which  are  normally  thrown  into  the  in- 
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testine  during  the  twenty-four  hours,  some  is  probably  reabsorbed, 
though  how  much  it  is  impossible  to  say,  since  we  have  no  in- 
formation as  to  the  quantity  of  hydrobilirubin  necessary  to  give  to 
faeces  their  normal  colour,  and  we  know  that  hydrobilirubin  has 
smaller  tinctorial  powers  than  bilirubin  (Gamgee).  But  taking 
for  granted  the  general  statement  that  bile  is  reabsorbed,  there 
must  be  a  great  difference  between  the  normal  condition  and  the 
condition  in  jaundice  from  obvious  obstruction.  In  the  latter 
case,  a  large  quantity  of  bile-pigment  is  thrown  immediately  into 
the  general  circulation ;  in  the  former  case,  such  bile-pigment  as 
is  reabsorbed  is  absorbed  gradually,  and  is  probably  carried  at 
once  to  the  liver  by  the  portal  vessels  and  there  again  worked 
up  into  bile,  so  that  it  never  reaches  the  general  circulation. 
According  to  this,  which  is  the  generally  accepted  view,  jaundice 
due  to  obvious  obstruction  of  the  excretory  ducts,  depends  essen- 
tially upon  the  fact  that  bile-pigment  is  thrown  into  the  general 
circulation  with  abnormal  rapidity,  and  in  abnormal  quantity, 
owing  to  failure  of  loss  by  the  intestine.  Besides  bile-pigments, 
in  this  form  of  jaundice,  bile-salts  are  thrown  into  the  circu- 
lation,  and  tt^jrj^rjsj^ 

bradycardia  that  accompanies  jaundice  of  this  type.  For  when 
the~Biie-duct  is  obviously  obstructed,  the  pulse  rate  may  fall  to 
50,  40,  or  even  20  per  minute,  and  production  of  such  a  result 
has  been  shown  experimentally  to  depend  upon  poisoning  by 
bile-acids.1 

Toxamiic  Jaundice  ^Non-obstructive"  "  Hwmatogenous  "  Jaun- 
dice).— Jaundice  which  is  not  due  to  obvious  obstruction  of  the 
excretory  ducts  of  the  liver,  occurs  under  a  variety  of  conditions, 
many  of  which  are  febrile.  Thus  it  is  seen  in  yellow  fever,  in 
remittent  and  intermittent  fever,  in  pyaemia,  in  scarlatina,  in 
typhus  fever,  in  acute  yellow  atrophy  of  the  liver,  etc.,  with 
more  or  less  regularity  or  rareness ;  it  occurs  as  the  result  of 
poisoning  by  phosphorus,  arseniuretted  hydrogen,  toluylenediamin 
(dog),  and  in  some  cases  of  snake-bite ;  it  occurs  sometimes  after 

1  Since  bile-acids  cause  disintegration  of  red  blood-corpuscles,  in  jaundice 
of  this  description  there  must  also  be  an  abnormally  large  formation  of 
bile-pigment. 

2  u 
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severe  mental  emotion  or  concussion  of  the  brain.  These  forms 
of  jaundice  are  further  characterised  by  the  fact  that  in  most  of 
them  it  is  known  with  complete  or  tolerable  certainty  that  a 
poison  is  circulating  in  the  blood,  and  in  many  of  the  rest  it  is 
probable  that  a  similar  condition  obtains.  Moreover,  in  nearly 
all  of  the  primary  conditions  upon  which  the  jaundice  depends, 
there  is  destruction  of  red  blood-corpuscles.  It  was  easy,  there- 
fore, to  conclude  that  the  jaundice  in  these  cases  depends  upon  a 
toxic  destruction  of  red  blood-corpuscles,  and  a  conversion,  in  the 
Uood)  of  the  blood-pigment  into  the  closely  allied  bile-pigment 
(hematogenous  jaundice).  This  view,  it  was  held,  is  supported 
by  the  absence  in  these  cases  of  jaundice  of  that  bradycardia 
which  is  characteristic  of  jaundice  caused  by  the  presence  of 
fully-formed  bile  {i.e.,  of  bile-salts)  in  the  blood ;  by  the  asserted 
absence  of  bile-salts  in  the  urine  ;  by  the  relative  slightness  of 
the  jaundice  in  many  cases. 

Now,  there  is  no  doubt  that  bradycardia  is  the  rule  in  cases 
of  "  obstructive "  jaundice,  and  the  exception  in  cases  of  "  non- 
obstructive "  jaundice,  unless  it  be  due  to  some  extrinsic  cause ; 
and  no  satisfactory  explanation  can  be  given  of  the  difference. 
But  it  is  certainly  incorrect  to  say  that  in  "  non-obstructive  " 
jaundice  the  urine  does  not  contain  bile-salts.  For,  in  the  first 
place,  recognition  o£  bile-salts  in  the  urine  is  so  complicated  and 
difficult  a  matter,  that  assertions  as  to  absence  of  bile-salts  are 
not  very  reliable ;  and  in  the  second  place,  Stadelmann  found 
bile-salts  in  the  urine  in  the  "  non-obstructive  "  jaundice  caused 
by  toluylenediamin,  by  phosphorus,  by  arseniuretted  hydrogen ; 
and  Naunyn  found  them  in  two  cases  of  pyaemia  in  which  the 
hepatic  ducts  were  free. 

The  view  that  jaundice  in  the  cases  under  discussion  is  of  hsema- 
togenous  origin  has  been  opposed  with  great  force.  Stadelmann, 
following  up  Schmiedeberg's  observation  that  toluylenediamin 
produces  an  intense  jaundice  in  dogs,  found  that  in  these  animals 
injection  of  the  drug  leads  to  the  following  changes :  From  the 
2nd  to  the  14th  hour  after  injection,  the  bile  is  very  rich  in  pig- 
ment and  is  excreted  in  increased  quantity ;  from  the  14th  to 
the  60th-70th  hour,  nothing  but  a  small  quantity  of  colourless 
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mucus  is  formed ;  later,  and  gradually,  excretion  of  characteristic 
bile  is  re-established.  Jaundice  commences  in  the  first  stage, 
is  at  its  height  in  the  second,  disappears  in  the  third.  Bile- 
pigment  is  present  in  the  urine  from  the  first,  but  bile-acids 
do  not  make  their  appearance  till  about  the  middle  of  the  second 
stage,  and  about  twenty-four  hours  later  they  may  be  present  in 
the  urine  in  considerable  quantity.  Now,  Stadelmann  was 
unable  to  find  any  evidence  of  duodenal  catarrh,  and  until 
Afanassiew  had  shown  that  the  drug  causes  great  destruction  of 
red  blood-corpuscles  he  did  not  recognise  this  point.  Hence,  at 
first,  he  was  unable  to  offer  any  explanation  of  the  jaundice,  but 
after  he  had  fully  confirmed  Afanassiew's  observations  he  con- 
cluded that  the  explanation  is  as  follows  :  The  drug  causes  blood 
destruction,  and  the  freed  haemoglobin  leads  to  an  increased 
formation  and  excretion  of  bile-pigments,  which  is  attended  by 
an  increased  viscosity  of  the  bile ;  in  face  of  the  low  pressure  at 
which  bile  is  secreted,  this  increase  of  viscosity  offers  a  temporary 
obstruction  to  the  onflow  of  bile  and  leads  to  its  reabsorption. 
W.  Hunter  carried  the  matter  further  and  found  that  the  con- 
centration of  the  bile,  which  is  so  marked,  is  due  to  an  extensive 
^catarrh .  of  the  bile-ducts  extending  from  their  origin  downwards 
towards  the  duodenum.  This  catarrh  is  occasioned  by  excretion 
of  the  drug  or  its  derivatives  in  the  bile,  for  Hunter  determined 
the  presence  of  the  poison  in  the  bile  as  early  as  one  hour  after 
its  subcutaneous  injection. 

It  follows,  therefore,  that  jaundice  after  administration  of 
toluylenediamin — a  jaundice  which  appears  at  first  sight  to  be 
eminently  "  hematogenous " — is  really  due  to  obstruction  of 
the  bile-ducts.  In  the  case  of  poisoning  with  phosphorus  and 
with  arseniuretted  hydrogen,  Stadelmann  obtained,  essentially, 
the  same  results  as  with  toluylenediamin. 

Minkowski  and  Naunyn  gave  an  even  more  conclusive  proof 
that  the  liver  is  necessary  to  the  production  of  so-called  "  hema- 
togenous "  jaundice.  Having  found  that  poisoning  with  arseni- 
uretted hydrogen  leads,  in  geese  and  ducks,  to  destruction  of  red 
blood-corpuscles  and  to  the  presence  of  bilirubin  in  the  urine, 
they  proceeded  to  extirpate  the  liver,  in  some  cases  before,  in 
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some  cases  after,  submitting  the  birds  to  action  of  the  gas.  They 
found  that  in  the  absence  of  the  liver,  though  haBmoglobin  is 
present  in  the  urine,  bilirubin  is  always  absent. 

As  a  result  of  these  experiments  and  others  of  a  similar  kind, 
it  is  now  generally,  though  not  universally,  held  (1)  that  a 
hematogenous  jaundice  does  not  exist ;  (2)  that  all  varieties  of 
jaundice  are  hepatogenous  and  due  to  reabsorption  of  bile 
formed  in  the  liver  ;  (3)  that  re-absorption  is  due  to  the  presence 
of  an  obstruction  in  the  bile-ducts,  whether  this  obstruction  is 
obvious — e.g.,  a  gall-stone — or  not.  Jaundice,  therefore,  only 
occurs  as  the  result  of  blood  destruction,  when  the  liver  seizes  on 
the  blood-pigment,  converts  it  into  bile-pigment,  and  returns  it 
in  bile  to  the  blood. 

Infantile  Jaundice. — Opinions  are  very  divided  as  to  the 
exact  way  in  which  infantile  jaundice  is  brought  about,  though 
most  authors  ascribe  it  to  changes  in  the  hepatic  circulation 
occurring  at  birth.  Frerichs  thought  that  it  depends  upon  a 
diminution  of  tension  in  the  capillaries  of  the  liver  which 
leads  to  a  transference  of  bile  into  them.  Birch-Hirschfeld 
regarded  it  as  being  dependent  upon  an  oedema  of  Glisson's 
capsule,  due  to  venous  congestion  in  the  region  of  the  intra- 
abdominal portion  of  the  umbilical  vein  and  the  portal  vein. 
Ziegler  believes  that  after  birth,  bile-pigment  is  formed  in 
large  quantity  afresh,  and  is  absorbed  also  in  large  quantity 
from  the  meconium.  Neumann  finds  that  at  birth,  in  many 
otherwise  normal  children,  a  certain  small  amount  of  bile- 
pigment,  not  sufficient  to  lead  to  a  true  icteric  coloration,  is 
present  in  the  blood  and  in  the  tissue-juices  in  solution. 

(ii.)  Fistulae  and  other  Conditions. — Concerning  other 
morbid  conditions  in  which  substances  are  discharged  from  the 
body  by  abnormal  paths  so  little  need  be  said  that  they  may  be  con- 
sidered under  one  heading.  The  most  important  is  that  in  which 
the  secretion  or  excretion  is  discharged  through  a  fistula.  Fistulous 
conditions  may  be  due  to  developmental  defects,  as,  for  example, 
when  urine  escapes  at  the  umbilicus  through  a  pervious  urachus ; 
or  they  may  be  artificially  made  by  the  surgeon,  as,  for  example, 
in  the  operation  of  colotomy  for  intestinal  obstruction,  or  supra- 
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pubic  puncture  of  the  bladder  for  retention  of  urine.  But  far 
more  commonly  fistulse  and  fistulous  communications  are  the  result 
of  ulceration,  whether  due  to  action  of  an  irritant  or  occurring 
in  a  malignant  new-growth.  As  the  result  of  ulceration  (and 
abscess-formation)  a  great  variety  of  conditions  may  be  met  with  ; 
gastric  contents  may  be  passed  directly  into  the  colon,  owing  to 
fistulous  communication  between  these  two  viscera ;  bile  may  be 
discharged  from  a  biliary  fistula,  owing  to  adhesion  of  an  inflamed 
gall-bladder  to  the  abdominal  wall,  abscess-formation  in  the 
inflammatory  material  and  discharge  of  the  abscess  outwards; 
intestinal  contents  may  be  discharged  in  small  quantity  through 
the  abdominal  wall,  owing  to  similar  changes  resulting  from 
appendicitis ;  fasces,  flatus,  or  urine  may  be  passed  by  the  vagina, 
owing  to  ulceration  of  a  carcinoma,  which  starts  in  the  uterus  and 
involves  either  rectum  or  bladder,  and  so  on.  In  the  most  common 
form  of  fistula — fistula  in  ano — though  the  bowel  communicates 
with  the  exterior  by  an  opening  other  than  the  anus,  intestinal 
contents  do  not  escape  by  the  fistula  owing  to  its  narrow  lumen. 

Under  this  heading,  too,  comes  the  discharge  of  urea  in  sweat 
and  vomit  that  occurs  in  uraemia:  though  the  amount  is  not 
great,  a  recognisable  quantity  of  urea  may  be  removed  by  these 
paths.  Urea  may  also  be  discharged  by  the  sweat  in  other  morbid 
conditions.  In  acute  rheumatism,  according  to  Harnack,  about 
half  of  the  organic  material  of  the  sweat  is  urea,  and  with  profuse 
sweating  as  much  as  1  gm.  of  urea  may  be  given  off  in  this  way 
in  an  hour. 

In  intestinal  affections,  especially  intestinal  obstruction,  sub- 
stances of  the  indigo  series  (indigo,  indican,  indol,  skatol),  which 
are  normally  removed  by  the  bowel,  may  pass  into  the  urine. 
Eosenbach  finds  that  substances  of  this  group  are  present  in  the 
urine  in  three  classes  of  case :  (a)  in  severe  intestinal  affections, 
or  immobility  of  the  intestine  from  any  cause,  or  when  the  power 
of  intestinal  absorption  is  deficient ;  (h)  in  very  severe  diarrhoea, 
from  whatever  cause  ;  (c)  in  the  cachectic  terminal  stages  of 
chronic  diseases,  e.g.,  pulmonary  tuberculosis  and  carcinoma. 
There  is  no  doubt  that  the  substances  in  question  are  produced 
in  the  intestine  by  the  action  of  bacteria  on  proteid. 
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Lastly,  we  have  those  doubtful  eases  in  which  a  "  vicarious " 
discharge  is  said  to  occur.  Most  of  these  are  connected  with 
menstruation,  and  a  periodic  discharge  of  blood  from  the  nose, 
lungs,  bowel,  etc.,  is  said  to  take  the  place  of  normal  menstruation. 
These  cases  of  "  vicarious  menstruation  "  almost  always  occur  in 
hysterical  individuals  and  are  open  to  criticism,  but  in  a  few,  a 
truly  vicarious  flow  of  blood  may  apparently  occur.  Of  course,  in 
a  strict  sense,  excessive  secretion  of  sweat  may  be  called  a  "  vicari- 
ous "  secretion  of  urine,  especially  if  the  sweat,  as  in  uraemia, 
contain  urea ;  but  cases  such  as  these  are  not  understood  under 
the  name. 

VI.  Morbid  Conditions  in  which  the  Secretions  or 
Excretions  contain  Substances  not  normally  present  in 
the  Body. — The  morbid  conditions  which  are  to  be  included 
under  this  heading  are  varied  and  important.  They  include  all 
forms  of  infective  disease  in  which  bacteria  or  their  toxins  are 
eliminated  by  the  urine  or  other  secretion,  all  forms  of  poisoning 
by  drugs, — and  even  morbid  conditions  in  which  drugs  are  given 
with  a  therapeutic  object,  where  the  drug  is  found  in  the  secre- 
tions or  excretions, — all  forms  of  disease  caused  by  parasites  in 
which  the  parasite  is  found  in  intestinal  evacuations  or  urine. 
It  is  impossible  to  discuss  these  conditions  here,  and  it  is  un- 
necessary, since  they  are  considered  fully  in  clinical  treatises. 
But  it  may  be  pointed  out  that,  though  the  abnormal  substance  is 
generally  to  be  looked  for  in  the  urine,  other  secretions  and  excre- 
tions are  not  exempt.  Thus  typhoid  bacilli  are  often  to  be  found 
in  the  bile  (Chiari)  and  urine  (Horton  Smith),  as  well  as — though 
with  difficulty — in  the  stools ;  anthrax  bacilli  may  be  found  in 
the  stools,  but  often  also  in  the  urine. 

In  almost  all  cases  presence  of  a  given  micro-organism  in 
several  secretions  or  excretions  implies  that  the  micro-organism 
has  gained  access  to  the  blood,  but  it  must  be  remembered  that 
there  may  be  multiple  seats  of  local  infection.  Thus,  when  a 
patient  with  gonorrhoea  infects  his  conjunctiva,  the  urine  and 
conjunctival  fluid  both  contain  gonococci,  and  when  a  patient 
with  tuberculosis  of  some  part  of  the  genito-urinary  tract  also 
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suffers  from  pulmonary  tuberculosis,  his  urine,  semen,  expectora- 
tion, contain,  or  may  contain,  tubercle  bacilli ;  but  in  the  second 
of  these  examples  there  is  not  necessarily  haemal  infection,  and  in 
the  first  it  is  expressly  excluded. 

When,  in  infective  disease,  micro-organisms  are  found  in  the 
urine  it  is  not  certain  whether  they  have  been  actively  excreted 
by  the  uninjured  kidney,  or  whether  they  have  merely  escaped 
through  a  damaged  renal  epithelium.  It  is,  of  course,  im- 
possible to  compare  micro-organisms  with  the  solids  of  urine, 
since  these  are  secreted  in  solution  and  for  the  most  part 
remain  in  solution ;  and  even  when  crystalline  uric  acid  and 
calcium  oxalate  are  found  in  the  urine  the  crystals  have  been 
formed  on  the  distal  side  of  the  renal  epithelium.  Sherrington 
found  that  when  the  blood  is  teeming  with  micro-organisms,  there 
may  not  be  the  slightest  transit  of  them  into  the  urine  ;  moreover, 
he  believes  that  they  may  appear  in  the  urine  though  no  blood 
escapes  by  the  kidney.  Nevertheless,  he  holds  that  the  kidney 
is  probably  not  normal,  and  that  the  lapse  of  time  between 
injection  of  bacteria  into  the  blood  and  their  appearance  in  the 
urine,  suggests  that  the  membrane  through  which  the  bacteria 
pass,  has  been  modified  by  the  action  of  toxin.  Biedl  and  Kraus, 
on  the  other  hand,  after  making  cultivations  of  the  urine  as  it 
passed  from  the  ureters,  came  to  the  conclusion  that  "  micro- 
organisms circulating  in  the  blood  can  be  excreted  through  the 
completely  intact  kidney  by  its  physiological  action."  They  found, 
after  intra-venous  injection  of  3-5  c.c.  of  a  broth  culture  of  Staph, 
pyogenes  aureus,  that  the  micro-organisms  appeared  in  the  urine 
after  the  lapse  of  from  twelve  to  seventy-five  minutes  in  dogs,  much 
earlier  in  rabbits.  They  base  their  conclusions  on  the  normality  of 
the  urine  in  other  respects,  on  the  normal  macroscopic  and  micro- 
scopic appearance  of  the  kidney,  on  the  fact  that  excretion  of 
micro-organisms  in  these  cases  varies  in  rate  from  time  to  time, 
but  is  furthered  by  intra-venous  injection  of  a  diuretic  (glucose), 
and  on  the  assumption  that,  in  many  cases,  so  short  a  time 
(five  minutes)  elapsed  between  introduction  of  micro-organisms 
into  the  blood  and  their  escape  by  the  kidney,  that  destructive 
action  of  toxins  and  fever  may  be  excluded.     Other  evidence  is 
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just  as  conflicting,  but  as  in  the  analogous  case  of  passage  of 
bacteria  from  mother  to  foetus  through  the  placenta,  most  authori- 
ties are  inclined  to  believe  that  an  actual  injury  of  the  blood- 
vessels has  been  produced  though  it  may  not  have  amounted"  to 
rupture. 

Klein  found  diphtheria  bacilli  in  the  milk  of  cows  that  had 
been  inoculated  with  diphtheria  bacilli  over  the  shoulder.  Their 
appearance  in  the  milk  was  preceded  by  the  formation  of  vesicles 
and  ulcers  on  the  udder.  Abbott  was  unable  to  confirm  Klein, 
but  this  is  attributed  by  Klein  to  the  fact  that  Abbott  used 
cultures  of  insufficient  virulence.  Brunner  found  after  injection 
of  B.  anthracis  or  B.  prodigiosus  into  the  blood  that  if  he  stimu- 
lated the  nerves,  these  micro-organisms  were  excreted  by  the  sweat. 

Some  poisons  are  excreted  by  special  paths:  to  this  point 
passing  allusion  has  already  been  made.  Thus,  pilocarpine  is 
excreted  with  the  sweat,  phosphorus  and  toluylenediamin  with 
the  bile,  mercury  (perhaps)  by  the  glands  of  the  large  intestine, 
carbolic  acid  and  its  allies  with  the  urine,  iodine  with  the  urine, 
saliva,  and  bronchial  secretions,  bile-salts  with  the  urine  and 
(perhaps)  with  the  saliva. 

Eeference  has  already  been  made  to  the  importance  of  putre- 
factive changes  occurring  in  the  urine  while  still  within  the 
body.  Morbid  conditions  dependent  upon  this  cause  obviously 
come  into  the  present  section. 

When  urine  is  allowed  to  stand,  it  becomes  cloudy  from  the 
growth  in  it  of  various  micro-organisms,  the  most  important  of 
which,  from  our  point  of  view,  is  Micrococcus  urece,  a  micro- 
organism which  has  the  specific  property  of  leading  to  the 
hydration  of  urea  and  its  conversion  into  ammonium  carbonate. 
With  this  change  the  urine  becomes  "  ammoniacal,"  and  gives 
off  gaseous  ammonia;  at  the  same  time,  of  course,  its  reaction 
changes  from  acid  to  alkaline.  Conditions  such  as  warmth, 
presence  of  albumin  or  mucus,  etc.,  favour  growth  of  this  micro- 
organism as  they  do  growth  of  most  other  micro-organisms. 

The  altered  reaction  of  the  urine  leads  to  the  deposition  of 
calcium  phosphate,  since  phosphates  are  insoluble  in  alkaline  fluids. 
In  these  cases  the  calcium  phosphate  is  always  precipitated  in  an 
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amorphous  form,  and  it  constitutes  a  part  of  the  white  crust  that 
is  seen  upon  calculi  and  other  objects  when  they  have  remained 
for  some  time  in  a  bladder  which  is  the  seat  of  cystitis,  and 
which  contains  ammoniacal  urine.  The  presence  of  ammonium 
carbonate  in  urine,  along  with  magnesium  phosphate,  leads  to 
the  deposition  of  characteristic  crystals  of  ammonio- magnesium 
phosphate. 

VII.  Morbid  Conditions  of  known  or  suspected  de- 
pendence upon  Alterations  in  Internal  Secretions. — We 

have  already  discussed  certain  conditions  which  might  with 
justice  be  considered  under  this  heading  (diabetes,  uraemia),  but 
in  them  there  was  some  modification  of  urine  so  marked  as 
to  attract  especial  attention.  In  the  present  class  we  shall  have 
to  consider  morbid  conditions  in  which  urine,  faeces,  etc.,  are 
practically  unaltered,  and  in  which  the  changes  induced  by  altera- 
tion of  the  internal  secretion  are  manifested  in  other  ways.  The 
"  glands  "  with  which  we  are  here  concerned  are  (i.)  the  thyroid 
body,  (ii.)  the  supra-renal  bodies,  (iii.)  the  pituitary  body,  all  of 
which  agree  in  the  fact  that  they  are  "ductless,"  and  possess 
no  external  secretion ;  in  addition,  a  word  must  be  said  con- 
cerning (iv.)  the  sex-glands. 

(i.)  The  Thyroid  Body. — It  is  now  fully  recognised  that 
the  thyroid  body  possesses  an  internal  secretion,  and  that  the 
morbid  conditions  known  as  "  cretinism "  and  "  myxoedema " 
depend  upon  atrophy  of  the  thyroid  and  absence  of  its  secretion. 
On  the  other  hand — though  there  is  not  unanimity  upon  this 
point — many  authorities  believe  that  the  symptoms  of  exoph- 
thalmic goitre,  a  disease  in  which  the  thyroid  body  is  enlarged, 
are  due  to  an  excessive  formation  of  the  special  internal 
secretion. 

(a)  Cretinism  and  Myxoedema. — Cretinism  is  a  mental  and 
physical  deformity  associated  with  alteration  of  the  thyroid  body, 
which  occurs  in  children  of  goitrous  parents,  and  which  is  there- 
fore principally  seen  in  regions  where  goitre  is  endemic.  In 
goitre,  as  in  cretinism,  the  thyroid  body  is  diseased,  for  in  both 
conditions  it  is  either  fibrotic  or  cystic  or  both.    But  whereas  in 
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goitre  the  gland  is  always  enlarged,  and  often  to  an  enormous 
extent,  in  cretinism,  though  it  may  indeed  be  enlarged,  this  is 
rarely  the  case,  but  in  most  cretins  the  gland  is  either  atrophied 
or  unaltered  in  size.  Cretinism  does  not  especially  affect  either 
sex ;  it  is  a  congenital  condition,  or,  at  all  events,  it  manifests 
itself  at  a  very  early  age.  In  myxoedema  we  have  a  cretinoid 
condition,  though  it  is  not  apparently  connected  in  any  way  with 
goitre  in  the  parents.  The  disease  usually  affects  adult  women, 
but  men  are  not  exempt.  The  myxcedematous  patient  is 
"unwieldy  in  mind  and  in  body."  Her  features  are  changed, 
becoming  broad,  flattened,  and  expressionless,  the  alse  nasi  and 
lips  are  thickened,  speech  is  slow,  and  articulation  (partly  from 
increase  in  size  of  the  tongue  and  lips)  is  bad ;  the  hands  become 
broad  and  spade-like,  the  mental  condition  changes  to  one  of 
placid  indifference  ; 1  the  skin  over  the  whole  body,  but  especially 
that  of  the  face,  becomes  loose,  flabby,  coarse,  and  appears 
cedematous ;  the  hair  falls  out ;  temperature  is  sub-normal,  and 
the  patient  complains  of  chilliness. 

We  shall  not  discuss  the  pathology  of  cretinism  separately,  for 
more  work  has  been  done  upon  the  subject  of  myxoedema,  and 
probably  the  pathology  of  the  two  conditions  is  closely  alike. 

Present  views  as  to  the  pathology  of  myxoedema  really  date 
from  1856,  when  Schiff  pointed  out  that  complete  removal  of  the 
thyroid  body  in  dogs  is  generally  fatal.  But  it  was  not  until 
1873  that  Gull  drew  attention  to  and  described  myxoedema;  in 
1878  Ord  reconsidered  and  added  to  our  clinical  knowledge  of  the 
subject ;  in  1882-83  Eeverdin  pointed  out  that  cachectic  symp- 
toms of  a  certain  kind  frequently  occur  in  man  after  removal  of 
the  thyroid  for  goitre ;  in  1883  Kocher  published  notes  of  104  cases 
of  goitre  on  which  he  had  operated:  in  twenty-four  the  gland 
was  completely  removed,  and  in  eighteen  of  these  the  patient 

1  According  to  Clouston,  mental  symptoms  in  myxoedema  are  very  varied.  As 
a  rule,  there  is  general  loss  of  memory,  diminution  in  attention,  and  diminution 
in  emotion,  though  the  patient  is  often  lacrymose.  There  is  never  complete 
dementia,  but  patients  may  become  melancholic  with  visual  and  aural  hallucina- 
tions, illusions,  and,  especially,  suspicions  ;  frequently  there  are  maniacal  out- 
breaks. Some,  but  not  all,  of  the  cases  improve  under  treatment  with  thyroid 
extract. 
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showed  symptoms  similar  to  those  described  by  Keverdin,  viz., 
weakness,  coldness,  pains  in  the  arms  and  legs,  thickening  of  the 
skin,  falling  out  of  hair,  weakened  intelligence,  lacrymosity,  slow- 
ness of  speech — in  a  word,  myxcedema;  in  1885  Horsley  pro- 
duced myxcedema  in  monkeys  by  removal  of  the  thyroid  body ; 
in  1891  Murray  showed  the  beneficial  effects  in  myxcedema  of 
subcutaneous  injection  of  thyroid  extract. 

All  animals  do  not  react  to  removal  of  the  thyroid  body  in  the 
same  way.  This  is  clearly  shown  by  Horsley's  experiments,  for 
while  in  monkeys,  and  exceptionally  in  cats,  he  obtained  myx- 
cedematous  changes  with  slow  onset,  in  dogs  and  in  the  majority 
of  cats  he  obtained  a  rapid  onset  of  pronounced  symptoms  indi- 
cating extreme  irritation  of  the  nervous  and  muscular  systems 
(tremors,  tetany,  convulsions).  The  following  description  of  the 
symptoms  is  given  by  Lorrain  Smith,  who  worked  principally 
with  cats  and  dogs.  He  found  that  even  in  the  same  species  of 
animal  the  symptoms  vary  considerably.  As  a  rule,  in  the  first 
stage  there  is  muscular  twitching,  which  occurs  only  when  the 
animal  is  stimulated  mechanically,  or  makes  a  voluntary  effort ; 
in  the  second  stage  twitchings  occur  spontaneously  but  inter- 
mittently ;  in  the  third  stage  the  spasms  become  of  larger  size, 
they  increase  in  severity  until  they  resemble  epileptiform  convul- 
sions, the  animal  becomes  dull  and  sluggish,  and  in  such  a 
condition  he  dies.  So  long  as  the  symptoms  do  not  extend 
beyond  muscular  twitching,  the  animal  survives  for  some  time, 
though  exacerbations  occur  and  he  progressively  wastes,  but  when 
convulsions  have  set  in  the  end  is  near. 

Now,  though  in  man  removal  of  the  thyroid  body  leads  to 
myxcedematous  symptoms,  in  some  cases,  as  Mickulicz  and  von 
Eiselsberg  have  pointed  out,  total  extirpation  is  followed  by 
tetany,  or  even  epileptiform  convulsions.  Experiments  upon 
lower  animals  may  therefore  be  justly  applied  to  the  elucidation 
of  the  pathology  of  myxcedema  in  man. 

In  order  to  produce  the  characteristic  symptoms  it  is  necessary 
to  remove  all  thyroideal  tissue,  the  thyroid  body,  the  parathyroids, 
and  any  accessory  thyroids  that  may  be  present ;  in  many  cases 
(dogs  and  rabbits)  where  symptoms  are  absent  or  ill-defined,  the 
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explanation  is  that  parathyroids  have  not  been  removed  with  the 
gland,  but  have  taken  on  its  function  after  its  extirpation.  As  in 
the  case  of  the  pancreas,  subcutaneous  grafting  of  thyroideal  tissue 
prevents  the  onset  of  symptoms,  or  at  least  prolongs  life.  Sub- 
cutaneous injections  of  extracts  made  from  thyroids  of  other 
animals,  or  even  feeding  with  thyroids,  often  causes  ameliora- 
tion or  even  cure  (Beclere)  of  myxcedema  in  man,  but  in  lower 
animals  this  is  not  so  clearly  the  case.  In  monkeys,  injection  of 
thyroid  extract  does  not  with  certainty  prevent  the  onset  of 
specific  symptoms  after  thyroidectomy,  and  in  dogs,  thyroid-feeding 
after  thyroidectomy  at  most  secures  a  brief  prolongation  of  life. 
In  this  connection  it  may  be  mentioned  that  the  good  effects 
obtained  by  injection  of  thyroid  extract  and  thyroid-feeding  in 
myxedematous  patients  led  to  great  hopes  that  similar  benefit 
would  be  obtained  in  diabetes  by  similar  treatment  with  pancreas. 
These  hopes  have  not  been  fulfilled,  either  in  diabetic  patients  or 
in  dogs  rendered  diabetic  by  removal  of  the  pancreas. 

It  was  at  first  thought  that  there  is  some  relation  between  the 
thyroid  and  the  spleen,  but  this  has  been  contradicted  (Tizzoni, 
de  Quervain)  and  is  probably  not  the  case.  On  the  other  hand, 
there  is  evidence  that  a  relationship  exists  between  the  thyroid 
and  the  pituitary  bodies.  Eogowicz  found  after  extirpation  of 
the  thyroid  in  rabbits  that  the  pituitary  body  increases  in  size, 
and  his  results  have  been  confirmed  by  Stieda  and  by  Gley. 
G-ley  also  found  that  symptoms  fail  to  appear  or  are  trivial, 
and  in  particular  convulsions  are  absent,  if  complete  thyroidec- 
tomy is  carried  out  by  successive  removal  of  portions  of  the 
gland,  so  that  the  pituitary  body  has  time  to  hypertrophy. 
Boyce  and  Beadles,  too,  describe  cases  of  myxcedema  and  sporadic 
cretinism  in  which  hypertrophy  of  the  pituitary  body  co-existed 
with  atrophy  of  the  thyroid ;  moreover,  they  point  out  that  the 
hypertrophy  of  the  pituitary  body,  which  is  so  commonly  seen  in 
acromegaly,  is  often  associated  with  alteration  of  the  thyroid, 
whether  that  body  be  atrophied,  hyper trophied,  or  cystic. 

Eeference  has  already  been  made  to  the  fact  determined  by 
Lorrain  Smith,  that  animals  from  which  the  thyroid  body  has 
been  removed,  when  exposed  to  variations  of  external  tempera- 
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ture,  show  that  in  them  the  mechanism  presiding  over  heat- 
loss  is  deranged.  We  have  here  no  doubt  the  explanation  of 
the  chilliness  and  sub-normal  temperature  of  myxoedematous 
patients. 

We  must  now  consider  the  way  in  which  removal  of  the 
thyroid  produces  its  specific  symptoms.  Putting  aside  the  view 
■ — early  suggested  but  soon  discarded — that  the  symptoms  after 
thyroidectomy  are  due  to  injury  of  nerves,  and  in  particular  of 
the  cervical  sympathetic,  two  theories  have  been  put  forward 
to  explain  the  facts.  The  first  is  that  of  "  auto-toxication," 
according  to  which  the  symptoms  are  due  to  accumulation  in 
the  blood  of  substances  which,  under  normal  conditions,  are 
destroyed  by  the  thyroid  body.  The  second  is  that  of  "  internal 
secretion,"  according  to  which  the  symptoms  are  due  to  absence 
of  a  substance  normally  formed  by  the  gland  and  thrown  into 
the  blood  either  directly  or  by  way  of  the  lymphatics.  The  latter 
view  is  the  one  at  the  present  time  generally  adopted  and  it 
has  the  greater  amount  of  evidence  in  its  support. 

Endeavours  have  been  made  to  isolate  the  active  principle 
of  the  thyroid  internal  secretion,  and  perhaps  it  lies  in  the 
iodine-containing  substance  ("  thyroiodin  ")  found  by  Baumann 
in  the  thyroids  of  sheep.  Baumann  found  that  if  the  thyroids 
of  sheep  be  boiled  for  twenty-four  hours  with  10  per  cent, 
sulphuric  acid  the  active  principle  is  not  destroyed,  and  that  the 
substance  precipitated  after  cooling  such  a  decoction  contains 
nearly  10  per  cent,  of  iodine.  Hutchison  corroborated  these 
results,  and  showed  further  that  the  active  principle  and  the 
iodine  reside  principally  in  the  colloid  substance.  Dividing  the 
colloid  into  proteid  and  non-proteid  components,  Hutchison  finds 
that  the  iodine  resides  in  both,  but  to  a  far  greater  extent 
in  the  non-proteid  portion.  It  seems,  therefore,  that  the  active 
principle  is  in  some  way  connected  with  iodine,  and  it  is 
remarkable  in  this  connection  that  of  the  thyroid  extracts  used 
therapeutically  in  myxoedema,  those  which  have  been  found 
efficacious  are  exactly  those  which,  containing  colloid  (Hutchison), 
contain  iodine. 

(b)  Exophthalmic  Goitre  (Graves  Disease,  Basedow's  Disease). — ■ 
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Exophthalmic  goitre,  as  its  name  implies,  is  a  disease  characterised 
by  protrusion  of  the  eyeballs  (exophthalmos)  and  goitre ;  in  addi- 
tion there  is  marked  tachycardia,  the  rate  of  heart-beat  being 
sometimes  120  in  the  minute,  or  more.  Mental  symptoms  are 
also  present,  and  in  some  cases  the  disease  ends  with  acute 
mania.  As  in  every  other  disease  the  symptoms  are  not  always 
the  same :  sometimes  there  is  little  goitre,  sometimes  exophthal- 
mos is  absent  or  but  little  marked,  sometimes  the  psychical 
symptoms  are  slight;  but  in  most  cases  all  of  these  are  present, 
and  it  is  very  rare  for  the  rate  of  heart-beat  to  be  normal. 
Like  myxoedema,  the  disease  chiefly  affects  women,  though  women 
of  fewer  years ;  men,  however,  are  not  exempt. 

The  pathology  of  exophthalmic  goitre  is  by  no  means  clear. 
At  the  present  time  the  chief  divergence  of  opinion  is  as  to 
whether  exophthalmic  goitre  is  primarily  a  disease  of  the  thyroid 
body,  or  primarily  a  disease  of  the  nervous  system,  of  which  the 
thyroid  change  is  a  result.  In  favour  of  the  primarily  nervous 
view  are  the  facts  that  exophthalmic  goitre  is  greatly  dependent 
upon  mental  emotions,  especially  fright,  that  it  is  associated 
with  other  psychical  changes,  that  the  symptoms  may  largely  be 
explained  by  assuming  an  alteration  of  the  vaso-motor  centre, 
and  that  often  fibrotic  changes  are  found  in  the  cervical  sym- 
pathetic, a  nerve  which  has  close  relations  with  the  vaso- 
motor centre.  A  nervous  explanation  is  adopted  by  many 
authors. 

On  the  other  hand,  the  primarily  thyroid  view  is  adopted  by 
some  authorities,  partly  because  of  its  a  priori  probability,  now 
that  the  importance  of  thyroid  internal  secretion  has  been 
shown  in  the  case  of  myxoedema,  and  partly  because  removal 
of  a  portion  of  the  gland  causes  an  improvement  or  leads  to 
cure  of  exophthalmic  goitre ;  according  to  Marie,  this  occurs  in 
80  per  cent,  of  operated  cases.  Against  this  view  is  the  fact  that 
feeding  with  thyroid  and  injection  with  thyroid  extract  do  not 
aggravate  exophthalmic  goitre  as  this  view  would  lead  us  to 
expect.  Moreover,  Sollier  has  shown  that  in  rare  cases  myx- 
oedema and  exophthalmic  goitre  may  co-exist  in  the  same  patient, 
and  of  course  it  is  impossible  to  assume,  if  the  myxoedema  is  due 
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to  deficiency  of  thyroid  internal  secretion,  that  the  exophthalmic 
goitre  depends  upon  hyper-secretion. 

Nor  even  among  the  supporters  of  the  two  views  set  forward 
above  is  there  accord.  Some  who  hold  to  the  nervous  explana- 
tion look  on  the  disease  as  independent  of  organic  nerve  lesion — 
in  other  words,  as  a  neurosis.  Others  regard  it  as  being  dependent 
upon  a  definite  lesion :  thus  Mannheim,  from  careful  examination 
of  severe  and  fatal  cases,  concludes  that  the  disease  is  caused  by 
organic  changes  in  the  medulla  oblongata,  -and  others  have 
ascribed  it  to  sclerosis  of  the  sympathetic. 

But  whether  the  thyroid  body  is  primarily  or  secondarily 
affected,  at  the  present  time  the  tendency  is  to  regard  the 
symptoms  of  exophthalmic  goitre  as  being  produced  by  abnormal 
thyroid  action,  which  leads  to  circulation  in  the  blood  of  some 
toxic  substance  that  affects  the  central  nervous  system,  and 
particularly  the  vaso-motor  centre.  Nevertheless,  there  is  diffi- 
culty in  accepting  even  this  view,  for,  as  Edmunds  points  out, 
there  is  no  evidence  that  thyroid  secretion  can  produce  exoph- 
thalmos, while  there  is  evidence  in  the  monkey  (Sherrington) 
that  it  can  be  produced  by  stimulation  of  the  cervical  sym- 
pathetic. 

Concisely  put,  there  are  at  least  five  different  views  as  to  the 
pathology  of  exophthalmic  goitre  : — 

(1)  The  disease  is  a  neurosis,  exophthalmos,  goitre,  cardiac 
symptoms  all  being  dependent  upon  functional  alteration  of  the 
vaso-motor  centre,  and  independent  of  one  another  (Buschau). 

(2)  The  disease  is  due  to  organic  lesion  of  the  nervous  system, 
whether  of  the  sympathetic,  or  of  the  brain,  or  of  the  cord 
(Mannheim). 

(3)  The  disease  is  primarily  due  to  hypertrophy  of  the  thyroid 
body  and  excessive  formation  of  a  normal,  or  formation  of  an 
abnormal,  internal  secretion  ;  this  secretion  acts  upon  the  central 
nervous  system,  and  especially  upon  the  vaso-motor  centre. 

(4)  The  disease  is  primarily  one  of  the  central  nervous  system, 
secondarily  one  of  the  thyroid,  and  tertiarily  one  of  the  central 
nervous  system  owing  to  the  effect  upon  an  abnormal  nervous 
system  of  an  abnormal  thyroid  secretion. 
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(5)  The  disease  is  primarily  one  of  the  blood,  secondarily  one 
of  the  thyroid,  tertiarily  one  of  the  central  nervous  system 
(Eulenberg). 

In  a  word,  no  fully  satisfactory  pathology  for  exophthalmic 
goitre  can  at  the  present  time  be  given. 

(ii.)  The  Supra-renal  (Adrenal)  Bodies.1 — In  connection 
with  the  adrenal  bodies  we  have  to  consider  the  disease  first  de- 
scribed by  Addison  in  1855,  and  known  by  his  name.  Addison's 
disease  is  characterised  by  severe  and  progressive  muscular  weak- 
ness with  anaemia,  by  cardiac  feebleness  and  a  tendency  to  syncope, 
by  nausea  with  retching  and  vomiting,  and  in  many  cases,  though 
not  in  all,  by  a  peculiar  pigmentation  ("  bronzing  ")  of  the  skin 
in  exposed  parts  and  parts  liable  to  pressure.  It  was  pointed  out 
by  Addison,  and  is  fully  allowed,  that  this  condition  is  associated 
with  disease  of  the  adrenals. 

We  may  put  on  one  side  the  earlier  work  in  which  the 
adrenals  were  extirpated,  for  the  results  were  conflicting,  though 
in  most  cases,  death  rapidly  followed  the  operation.  Brown- 
Sequard,  however,  in  1856,  extirpated  one  or  both  adrenals,  and 
noted  that  the  animals,  in  the  few  hours  elapsing  before  their 
death,  showed  muscular  and  cardiac  weakness,  coma,  and  con- 
vulsions; but  these  symptoms  might  readily  follow  any  severe 
operation,  especially  if  accompanied  by  much  loss  of  blood,  so 
they  are  not  conclusive.  In  1889  Tizzoni  published  a  long  series 
of  experiments  showing  that  in  rabbits  and  dogs  destruction  of 
the  adrenals  leads  to  death  sooner  or  later,  but  that  if  death 
is  delayed  for  some  time,  it  is  preceded  by  a  definite  train  of 
symptoms,  which  in  many  points '  (pigmentation,  progressive 
weakness,  wasting,  nervous  symptoms,  etc.)  bear  a  marked 
resemblance  to  those  of  Addison's  disease.  After  death  he 
found  alterations  in  the  cerebrum  and  cerebellum,  spinal  cord, 
peripheral  nerves,  and  pia  mater,  which  were  always  more  marked 
in  the  grey  matter,  and  which  consisted  in  haemorrhages,  migra- 
tion of  leucocytes,  alteration  of  vessel  walls,  congestion  and 

1  An  exhaustive  account  of  our  knowledge  concerning  the  adrenal  bodies  was 
given  by  Rolleston  in  his  Goulstonian  Lectures  (reported  in  Brit.  Med.  Journ., 
1895,  vol.  i.). 
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interference  with  lymph-circulation.  He  therefore  concluded 
that  "  the  supra-renals  are,  in  any  case,  to  be  regarded  as  organs 
which  are  closely  bound  up  with  the  nervous  system,  and  this 
view  is  confirmed  by  the  clinical  appearances." 

The  view  that  there  is  a  close  connection  between  the  adrenals 
and  the  central  nervous  system  is  old;  Frey  (1849),  Kolliker 
(1854),  Luschka  (1863),  all  agreed  upon  the  point,  and  Kayer 
(1883)  drew  attention  to  the  fact,  which  has  received  plenti- 
ful confirmation,  that  in  acephalic  monsters  the  adrenals  are 
completely  wanting  or  are  badly  developed,  whereas  in  infancy 
these  organs  are  normally  of  relatively  large  size.  Relying  on 
observations  such  as  these,  some  authors  hold  that  Addison's 
disease  is  due  to  central  nervous  lesions  (functional  or  organic) 
secondarily  induced  by  the  adrenal  changes,  through  the  medium 
of  the  abdominal  sympathetic  nerves  and  ganglia  with  which 
these  bodies  are  in  close  anatomical  connection.  Even  the 
pigmentation  has  been  regarded  as  dependent  upon  nervous 
influences,  as  it  certainly  is  in  many  of  the  lower  animals. 
Thus  Eaymond  cites  Milne  Edwards  and  Bert  (chameleon), 
Pouchet  and  Vulpian  (frog)  as  having  shown  that  cells  charged 
with  the  elaboration  of  pigment  are  definitely  under  the  influence 
of  the  nervous  system,  and  Gaule,  Canini,  Ehrmann  and  Lode  as 
having  actually  observed  the  termination  of  nerves  in  chromato- 
blasts.  Eaymond  himself  considers  that  the  pigmentation  of 
Addison's  disease  results  "from  a  reflex  act  producing  trophic 
change  " ;  in  other  words,  that  it  is  one  manifestation  of  a  series 
of  trophic  changes  initiated  in  the  body  by  the  condition  of  the 
adrenal  bodies  through  the  medium  of  the  central  nervous 
system. 

But  when  the  existence  of  internal  secretions  was  recognised, 
and  when  the  relationship  between  the  thyroid  body  and  myx- 
cedema,  the  pancreas  and  diabetes,  was  shown,  a  tendency  arose 
to  seek  an  explanation  of  Addison's  disease  in  a  change  of  the 
blood  induced  by  the  absence,  or  rather  the  disorganisation,  of 
the  adrenals.  Here,  too,  as  in  the  case  of  myxoedema,  opinions 
differ  as  to  whether  the  condition  depends  upon  auto-toxication 
or  upon  absence  of  a  normal  internal  secretion. 

2  x 
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Abelous  and  Langlois  found  when  animals,  deprived  of  their 
adrenals,  are  caused  to  perform  muscular  work,  that  toxic 
symptoms  readily  arise,  and  they  conclude  that  the  function  of 
the  adrenals  is  to  destroy  the  toxic  products  of  muscular  and 
nervous  work.  They  found,  moreover,  that  the  blood  of  animals 
from  which  the  adrenals  have  been  removed,  and  which  have 
been  fatigued,  is  more  toxic  than  the  blood  of  animals  which 
have  been  similarly  fatigued,  but  from  which  the  adrenals  have 
not  been  removed.  These  results  have  been  confirmed  by 
Albanese  and  by  Dubois.  Dubois  found  in  addition  that  the 
toxicity  of  an  extract  of  adrenal  body  is  greater  if  the  animal, 
before  removal  of  the  organ,  has  been  caused  to  undergo  muscular 
exertion.  From  these  experiments  it  has  been  argued  that 
Addison's  disease  is  an  auto-toxication. 

But  there  is  no  doubt  that  an  organic  substance  of  doubtful 
composition,  but  possessed  of  powerful  physiological  action,  can 
be  extracted  from  the  adrenal  bodies.  Oliver  and  Schafer 
obtained  from  the  medullary  portion,  and  from  that  alone,  a 
substance  which  acts  on  muscular  tissue  generally,  but  especially 
on  the  heart  and  blood-vessels.  Intra-venous  injection  of  as 
small  a  quantity  as  one-millionth  of  the  weight  of  the  dried 
gland  leads  to  an  enormous  though  transient  rise  of  blood-pres- 
sure. When  the  vagi  are  intact,  the  extract,  acting  through 
the  cardio-inhibitory  centre,  slows  the  heart ;  but  when  the  vagi 
are  cut,  it  accelerates  the  heart  by  direct  action.  The  meaning 
of  this  difference  is  obscure.  The  substance  was  supposed  by 
Szymonowicz  and  Cybulski  to  act  by  way  of  the  vaso-motor 
centre ;  but  Oliver  and  Schafer  have  shown,  by  the  plethysmo- 
graphic  and  other  methods  after  section  of  the  spinal  cord,  and 
Gottlieb  has  shown,  by  injecting  the  extract  into  animals  under 
the  deepest  chloral  narcosis  (in  which  the  vaso-motor  centre  is 
paralysed),  that  the  substance  acts  directly  upon  the  involuntary 
muscle  of  the  blood-vessels.  Gottlieb  further  found  that  the 
substance  raises  the  activity  of  the  heart,  for  if,  by  continued 
doses  of  chloral,  the  heart  is  affected  to  so  great  an  extent  that  it 
ceases  to  contract,  subsequent  injection  of  extract  of  supra-renal, 
if  aided  by  slight  compression  of  the  thorax,  is  able  to  restore 
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spontaneous  cardiac  activity,  even  though  it  have  been  in  abeyance 
for  one  minute.  Oliver  and  Schafer  conclude  that  the  adrenals 
elaborate  and  throw  into  the  blood  a  substance 1  which  assists  in 
keeping  up  vascular  tone.  Whether  this  be  so  or  no,  there  is  no 
doubt  that  the  adrenals  form  an  internal  secretion,  and  that 
absence  of  a  substance  having  properties  such  as  those  described 
as  belonging  to  supra-renal  extract,  might  well  account  for  many 
of  the  symptoms  of  Addison's  disease. 

But  though  the  adrenal  bodies  have  an  internal  secretion,  as 
these  experiments  prove  beyond  doubt,  it  is  not  certain  that  this 
is  their  only  function.  The  experiments  upon  which  those 
authors  rely  who  maintain  the  auto-toxication  view,  seem  very 
definite,  so  that  even  if  we  discard  the  older  view,  which  regards 
the  adrenals  as  intimately  connected  with  the  central  nervous 
system,  it  is  not  clear  whether  we  must  consider  Addison's 
disease  as  dependent  upon  auto-toxication  or  upon  absence  of 
adrenal  internal  secretion.  It  is  by  no  means  certain,  however, 
that  we  are  justified  in  entirely  discarding  a  belief  in  the  close 
connection  of  adrenals  with  the  central  nervous  system.  For  it 
is  in  the  highest  degree  significant  that  where  the  adrenals  are 
absent  or  insufficiently  developed,  there  is  almost  always  incom- 
plete formation  or  defect  of  the  brain,  that  in  anencephalia  the 
adrenals  are  completely  wanting  or  badly  developed,  and  that 
the  only  regions  in  the  body  where  lecithin  is  constantly  present 
in  large  amounts,  are  the  brain  and  adrenal  bodies.2  Further 
experiment  is  necessary  before  we  can  determine  which  of  these 
views,  if  any  of  them,  is  correct. 

(iii.)  The  Pituitary  Body. — In  connection  with  the  pituitary 
body  we  have  to  consider  the  disease  described  by  Marie  and 

1  The  view  that  the  adrenals  take  something  from  the  blood,  elaborate  it,  and 
return  it  to  the  blood,  is  not  new.  It  was  put  forward  by  Nagel  in  1836  and 
Ecker  in  1846,  and  though  neither  the  existence  of  Addison's  disease,  nor  its 
connection  with  the  adrenals,  had  at  that  time  been  suspected,  the  view  taken  by 
these  earlier  writers  was  essentially  that  these  organs  normally  produce  what  we 
now  speak  of  as  "  an  internal  secretion." 

2  Those  who  wish  to  pursue  further  the  subject  of  the  relationship  of  the 
adrenals  to  the  nervous  system  and  the  pathology  of  Addison's  disease,  should 
read  a  paper  by  Alexander  {Zieglefs  Beitr.,  vol.  xi.  p.  142,  1892),  which  gives  a 
good  summary  of  our  knowledge  on  the  subject. 
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Souza-Leite  in  1885  under  the  name  of  acromegaly.  Acromegaly 
is  chiefly  characterised  by  an  increase  in  size  of  the  bones  of  the 
hands,  feet,  and  face.  In  the  face  the  lower  jaw  is  principally 
affected,  with  the  result  that  the  face  becomes  elongated  and  pon- 
derous. The  lips  become  thick,  the  skin  hyper trophied,  the  hair 
coarse,  but  the  general  appearance  of  the  patient  is  different  from 
that  in  myxcedema,  though  mistakes  in  diagnosis  have  been  made. 
The  patient  almost  always  complains  of  headache,  he 'perspires 
profusely,  is  lethargic,  and  speaks  thickly.  Sometimes  he  becomes 
blind,  but  intelligence  and  memory  are,  as  a  rule,  not  seriously 
affected. 

Though  not  many  cases  have  been  described,  it  has  been  found 
that  in  acromegalous  patients  the  pituitary  body  is  always 
altered,  being  either  hypertrophied,  the  seat  of  new-growth,  or 
atrophied  and  cystic. 

As  to  the  relation  between  the  pituitary  change  and  acrome- 
galy little  can  be  said.  The  suggestion  has  been  made  that  the 
disease  depends  upon  some  alteration  of  a  pituitary  internal 
secretion,  but  evidence  for  this  is  very  slight.  Nevertheless,  the 
pituitary  body  apparently  has  an  internal  secretion.  Oliver  and 
S chafer  have  found  that  extract  of  pituitary  body,  when  injected 
into  animals,  produces  symptoms  having  a  general  resemblance 
to  those  produced  by  injection  of  supra-renal  extract.  It  causes 
a  great  rise  of  blood-pressure,  which,  however,  is  produced  more 
slowly,  is  longer  maintained,  and  requires  injection  of  larger 
doses  to  produce  the  same  result  than  is  the  case  after  injection 
of  supra-renal  extract.  However,  they  find  that  the  rise  of 
blood-pressure  caused  by  injection  of  pituitary  extract,  like  that 
caused  by  injection  of  supra-renal  extract,  is  due  to  direct  action 
of  the  active  principle  on  the  muscular  walls  of  the  arterioles. 
It  must  be  mentioned,  however,  that  Mairet  and  Bosc,  using  the 
pituitary  body  of  the  ox,  found  that  it  produces  very  slight  effects, 
whether  on  rabbits,  dogs,  or  man,  and  whether  given  by  sub- 
cutaneous injection  of  an  extract  or  by  feeding. 

We  have  already  referred  to  changes  in  the  pituitary  body 
occurring  along  with  myxoedema  and  experimental  removal  of 
the  thyroid  body  (p.  684).    It  is  only  necessary  here  to  add  that 
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in  acromegaly  the  thyroid  body  is  often  found  to  be  the  seat  of 
change  (hypertrophy,  atrophy,  cysts).  Whether  these  two  organs 
are  accessory  to  one  another,  it  is  impossible  to  say  with  cer- 
tainty, but  it  does  not  seem  improbable,  from  the  evidence  before 
us,  that  this  is  the  case.  Nevertheless,  Oliver  and  Schafer  pro- 
nounce against  this  view,  because  they  find  that  thyroid  extract 
and  pituitary  extract  have  diametrically  opposite  physiological 
actions. 

(iv.)  The  Sex-glands.- — Upon  this  subject  not  much  need  be 
said,  but  the  sex-glands  must  not  be  passed  over  in  silence. 

It  is  well  known  how  profound  a  change  may  be  produced 
on  the  body  generally  by  removal  of  testes  or  ovaries.  The 
eunuch,  with  his  beardless  face,  his  small  larynx  and  shrill  voice, 
his  enormous  deposit  of  fat  over  the  abdomen,  his  alteration  of 
character,  shows  in  man  the  effects  of  removal  of  the  testes  in 
childhood.  The  differences  in  character,  strength,  and  size  between 
the  stallion  and  gelding,  the  bull  and  ox,  the  ram  and  wether, 
the  cock  and  capon,  the  castrated  and  the  normal  domestic  cat, 
are  all  evidences  in  the  same  direction.  In  women,  the  altera- 
tion of  character,  the  growth  of  hair  on  the  chin  and  upper  lip 
that  often  supervene  at  the  climacteric,  the  masculinity  of  ap- 
pearance and  of  character  that  often  follows  ovariotomy,  or  is 
seen  in  women  with  deficient  development  of  the  sex- organs, 
show  the  importance  of  the  ovaries  to  the  female  economy.  So, 
too,  the  marvellous  change  in  appearance  that  sometimes  occurs  in 
the  hen  golden  pheasant  (and  other  hen  birds),  when,  after  a  moult, 
she  adopts  the  plumage  of  the  cock  bird,  and  even  his  note,  is 
always  associated  with  an  atrophic  or  otherwise  diseased  condition 
of  the  ovaries  (cf.  Bland  Sutton). 

Phenomena  of  this  nature  are  unmistakable  enough,  but  the 
way  in  which  the  glands  exercise  their  normal  influence  is 
obscure.  It  is  not  known  whether  they  act  reflexly  on  the 
nervous  system  or  by  virtue  of  an  internal  secretion.  Brown- 
Sequard,  to  whom,  above  all,  we  owe  the  doctrine  of  internal 
secretions,  held  the  latter  view,  and  asserted  that  in  himself  and 
in  others  he  had  observed  the  greatest  benefit  in  old  age  and 
other  senile  conditions  from  injection  of  testicular  extract.  But 
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it  is  difficult  in  these  eases  to  exclude  the  possibility  that  the 
benefit  derived  was  due  to  auto-suggestion  or  suggestion.  And 
yet  it  does  not  seem  unreasonable,  now  that  we  have  learned  the 
importance  of  the  pancreas,  the  thyroid,  the  adreDals,  and  possibly 
the  pituitary  body  and  the  kidneys,  to  expect  that  the  sex-glands 
also  possess  an  internal  secretion;  the  more  so  since  we  have 
ample  evidence  that  absence  of  these  organs  leads  to  profound 
changes  of  mind  and  body. 

Other  organs  such  as  spleen  (cf.  Laudenbach)  and  salivary 
glands  (Oliver  and  Sehafer)  have  been  removed  experimentally 
without  the  sequence  of  any  ill  effects,  attributable  to  their 
absence.  It  cannot,  however,  be  argued  from  these  experiments 
that  the  organs  in  question  do  not  possess  an  internal  secretion, 
for  many  other  tissues  are  present  in  the  body  which  can,  more 
or  less  fully,  take  on  their  functions  in  their  absence.  It  can, 
however,  be  said  that  the  salivary  glands  and  spleen  do  not 
possess  specific  internal  secretions. 
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CHAPTEK  XIV. 


The  Pathology  of  Kespiration. 


I.  Effects  of  Changes  in  the  Air- 


(i)  The   Mouth,  Nose,  and 

Pharynx. 

(ii)  The  Larynx  and  Trachea. 

Coughing  and  Sneezing, 
and  their  Pathologi- 
cal Effects. 

(iii)  The  Bronchi. 

(a)  Bronchitis. 
(&)  Asthma. 

(iv)  The  Pulmonary  Alveoli. 

(a)  Emphysema. 

(b)  Obliteration  of  Alve- 

olar Cavity  from 
within. 

(c)  Collapse  of  Lung. 

(v)  The  Pleurae  and  Pleural 

Cavities. 

A.  The  Pleura}. 

B.  The  Pleural  Cavities. 

(1)  Pleural  Effusion. 

(2)  Pneumothorax. 

(3)  Absorption  from 

Pleural  Cavity. 

II.  Effects  of  Changes  in  Respiratory 
Movements. 

(i)  Changes  in  Skeleton. 


II.  Effects  of  Changes  in  Respiratory 

Movements. 

(ii)  Changes  in  Musculature. 

III.  Effects  of  Circulatory  Disorders. 

(i)  Cardiac  Dyspnoea. 

(ii)  Renal  Dyspnoea. 

(iii)  Heat  Dyspnoea. 

IV.  Effects  of  Morbid  Conditions  of 

the  Blood. 

V.  Effects  of  Abnormality  of  the 
Respired  Air. 

(i)  Deficiency  of  Oxygen. 

(a)  Mountain  Sick- 
ness. 

(&)  Poisoning  with 
Carbon  Mon- 
oxide. 

(ii)  Increase  of  Carbon  Dioxide. 

(iii)  Presence     of  Abnormal 

Gaseous  Constituents. 
Inhalation  of  Chloro- 
form and  Ether. 

VI.  Asphyxia,  Dyspnoea,  and  Orthop- 
noea. 

VII.  Cheyne-Stokes  Respiration. 


The  pathology  of  respiration  is  extremely  complicated,  for  respi- 
ration is  partly  involuntary,  partly  voluntary,  and  is  not  only 
assimilative-,  like  the  digestive  process,  but  also  excretory  like 
the  renal  function.  It  is  a  process  whereby  the  blood  gains 
oxygen,  and  loses  carbonic  acid  and  water;  it  is  a  powerful 
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factor  in  connection  with  the  circulation, — now  an  assistance, 
now  a  hindrance ;  it  is  one  of  the  most  important  means  of  heat 
regulation.  And  just  as  the  blood  and  heart,  and,  through 
them,  the  nervous  system  and  nutrition  generally,  are  dependent 
upon  respiration,  so  respiration  in  its  turn  is  dependent  upon 
each  and  all  of  them.  Hence  the  causes  of  disordered  respira- 
tion and  its  effects  are  widespread. 

Modifications  of  respiration  are  almost  always  attempts,  whether 
successful  or  not,  at  restoring  an  equilibrium.  In  most  cases 
they  aim  at  restoring  a  normal  degree  of  gas-exchange,  but 
sometimes  at  restoring  the  normal  body  temperature. 

The  actual  means  whereby  this  equilibrium  is  brought  about, 
and  the  particular  form  of  altered  respiration  adopted,  vary 
considerably  in  different  cases,  for  the  means  whereby  the  same 
end  can  be  attained  are  manifold.  This  is  equally  true  in 
health  and  in  disease.  The  healthy  man  undergoing  bodily 
exercise  increases  his  respiration  in  order  to  restore  the  balance 
between  thermogenesis  and  thermolysis.  If  his  abdominal 
muscles  are  unrestrained,  he  breathes  very  largely  by  the 
diaphragm;  but  if  descent  of  the  diaphragm  is  restrained, 
the  costal  muscles  take  up  its  work  and  carry  it  out.  The 
typhoid  patient  increases  his  respiration  also,  and,  in  part,  for 
the  same  object ;  but  whereas  with  the  initial  rise  of  temperature, 
when  his  respiratory  muscles  are  comparatively  normal,  his  re- 
spiration is  slightly  increased  in  rate  and  considerably  deepened, 
as  the  disease  goes  on,  and  his  respiratory  muscles  become 
enfeebled,  the  rate  of  respiration  increases  still  further,  but  the 
depth  of  individual  respirations  diminishes. 

Abnormalities  of  respiration  may  concern  rate  or  depth  of 
complete  respirations,  the  relative  durations  of  inspiration  and 
expiration,  or  respiratory  rhythm.  Though  we  shall  have  to 
consider  all  of  these  conditions,  it  would  not  be  convenient  to 
discuss  the  pathology  of  respiration  under  these  headings.  A 
more  convenient  course  is  to  consider  them,  as  far  as  possible, 
according  to  the  factor  which  is  primarily  responsible  for  their 
occurrence.  Since,  therefore,  normal  respiration  is  dependent 
upon  the  condition  of  (1)  the  lungs  and  air-passages,  (2)  the 
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respiratory  movements,  (3)  the  heart  and  circulation,  (4)  the 
blood,  and  (5)  the  characters  of  the  air  breathed,  we  shall  con- 
sider the  effects  of  changes  in  these  factors  upon  respiration. 

I.  Effects  of  Changes  in  the  Air -Passages  upon 
Respiration.— (i.)  The  Mouth,  Nose,  and  Pharynx. — 
Owing  to  the  fact  that  air  can  reach  the  pharynx  by  either 
nostril,  or  by  the  mouth,  in  sufficient  quantity  for  normal  respi- 
ration, morbid  conditions  of  the  mouth  and  nose  are  of  relatively 
small  importance  in  the  pathology  of  respiration.  It  is  true 
that  when  the  posterior  nares  are  blocked  by  adenoid  growths, 
or  when  similar  conditions  involving  the  nose  obtain,  the 
breathing  assumes  special  characters,  being  carried  on  solely  by 
the  mouth,  and  in  particular  being  accompanied  by  "  nasal " 
phonation  and  by  snoring  at  night.  But  these  respiratory  modi- 
fications, though  of  much  diagnostic  significance,  are,  as  a  rule, 
unimportant  pathologically.  Nevertheless,  the  fact  that  in  cases 
of  this  description,  air  can  only  enter  by  the  mouth,  may  become 
of  extreme  importance  from  an  alimentary  point  of  view.  This 
is  especially  the  case  where  it  is  necessary  that  food  should  be 
taken  often,  as,  for  example,  in  infants  and  sick  persons.  Then, 
the  constant  opening  of  the  mouth  necessary  for  respiration  may 
be  very  serious,  and  in  the  case  of  infants  at  the  breast?  it  may 
lead  to  severe  mal-nutrition  and  exhaustion  from  want  of  food. 

Pharyngeal  conditions  only  lead  to  disorders  of  respiration  by 
way  of  stenosis,  and  then  the  obstructing  body  must  be  very  large, 
owing  to  the  large  size  of  the  pharynx.  Apart  from  accidental 
lodgment  of  such  substances  as  masses  of  food,  etc.,  the  important 
causes  of  pharyngeal  stenosis  are  bilateral  enlargement  of  the 
tonsils,  quinsy,  and  aneurysm  of  the  internal  carotid.  The  modi- 
fication in  respiration  produced  by  such  causes  as  these,  is  iden- 
tical with  that  which  occurs  with  stenosis  of  the  larynx  or 
trachea,  and  therefore  will  not  be  separately  discussed. 

Secondarily,  morbid  conditions  of  the  mouth,  nose,  and  pharynx 
may  be  of  importance  in  the  pathology  of  respiration,  by  leading 
to  pulmonary  disease ;  but,  as  a  rule,  this  only  occurs  when  for 
some  reason  the  sensibility  of  the  larynx  or  trachea  has  been 
lowered  or  abolished  (as,  for  example,  during  administration  of 
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anaesthetics),  or  when  laryngeal  muscles  are  paralysed.  Under 
either  of  these  conditions  the  cough-reflex  is  defective. 

(ii.)  The  Larynx  and  Trachea. — At  the  larynx  the  air- 
passages  begin  to  have  a  great  importance  in  the  pathology  of 
respiration.  For  not  only  is  there  no  alternative  path  for  the 
respired  air,  but  also  the  glottis  itself  is  the  narrowest  point 
between  the  lips  and  the  bifurcation  of  the  trachea.  Associated 
with  this  fact  is  the  fact  that  the  glottis  is  exquisitely  sensitive, 
and  that  from  it,  coughing,  as  a  reflex  act,  may  be  more  readily 
set  up  than  from  any  other  part  of  the  whole  respiratory  tract, 
though  the  mucous  membrane  of  the  trachea  and  bronchi  are 
highly  sensitive  also.  The  act  of  coughing  is  so  important,  both 
for  good  and  for  ill,  in  the  pathology  of  respiration,  that  it  must 
at  once  receive  special  attention.  At  the  same  time,  sneezing 
may  also  be  considered. 

Coughing  and  Sneezing. — Coughing  and  sneezing  are  essen- 
tially defensive  mechanisms,  and  are  no  doubt  primarily  directed 
towards  the  removal  of  any  substance  which  irritates  the  mucous 
membrane  of  the  respiratory  tract.  Both  are  reflex  acts,  but 
coughing  may  be  carried  out  voluntarily. 

Sneezing  occurs  when  the  mucous  membrane  of  the  nose  is  the 
seat  of  irritation,  the  afferent  fibres  especially  concerned  in  the 
act  being  those  of  the  olfactory  branch  of  the  fifth  nerve. 
Nevertheless,  sneezing  may  be  induced  by  impulses  which  appa- 
rently pass  upwards  by  other  nerves,  for  many  persons  sneeze 
on  coming  suddenly  into  a  bright  light,  or  on  exposure  of  the 
body  to  cold.  The  act  of  sneezing  consists  in  a  deep  inspiration, 
followed  by  a  violent  expiration  in  which  a  blast  of  air  passes 
out  principally  by  the  nose,  but  in  part  also  through  the  half- 
closed  mouth. 

Coughing,  as  a  reflex,  act,  is  most  readily  induced  by  stimula- 
tion of  the  ]arynx,  the  under  surface  of  the  epiglottis  and  the 
parts  in  the  neighbourhood,  the  trachea,  or  the  bronchi.  When 
the  offending  substance  is  in  the  neighbourhood  of  the  larynx, 
the  afferent  nerve  concerned  in  the  act  is  the  superior  laryngeal. 
The  act  may  be  induced  reflexly  by  stimulation  of  afferent  nerves 
other  than  those  of  the  respiratory  tract.  Thus  it  often  occurs  along 
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with  irritation  of  the  external  auditory  meatus,  where  the  afferent 
nerve  is  perhaps  the  auricular  branch  of  the  vagus,  and  on  expo- 
sure of  the  body  to  cold.1  The  act  of  coughing  consists  in  taking 
a  deep  inspiration,  then  closing  the  glottis,  and,  when  the  intra- 
thoracic pressure  has  been  considerably  raised  by  an  effort  of 
forcible  expiration,  opening  the  glottis  suddenly;  the  pent-up 
air  rushes  forth  with  sufficient  violence  to  set  the  vocal  cords 
vibrating. 

The  readiness  with  which  sneezing  and  coughing  are  called 
forth  by  an  offending  substance  varies  much.  Thus,  on  the  one 
hand,  the  nasal  mucous  membrane  of  the  confirmed  snuff-taker 
in  course  of  time  suffers  a  great  diminution  of  sensibility,  and 
such  a  person  rarely  sneezes  when  he  "  takes  snuff."  So  in 
chronic  inflammatory  conditions — e.g.,  chronic  bronchitis — where 
the  products  of  inflammation  are  more  or  less  constantly  in 
contact  with  the  bronchial  walls,  sensibility  becomes  dulled,  and 
cough  only  occurs  when  the  offending  substance  has  collected  in 
relatively  large  quantities.  On  the  other  hand,  in  acute  inflam- 
matory conditions,  both  of  nose  and  of  laryngeal  or  tracheal 
mucous  membranes,  the  hyperemia  induces  hyper-sensitiveness, 
and  helps  to  account  for  the  constant  sneezing  of  a  commencing 
catarrh,  the  constant  cough  of  laryngitis. 

Pathological  Effects  of  Coughing. — The  effects  of  sneezing  and 
coughing  are  beneficial,  in  so  far  as  they  expel  irritating  sub- 
stances from  the  respiratory  tract.  But,  not  to  mention  the 
general  distress  and  the  loss  of  sleep  that  are  produced  by  inces- 
sant cough,  the  increase  of  intra-thoracic  pressure,  which  is  an 
essential  factor  in  coughing,  often  leads,  if  cough  be  persistent, 
to  serious  results.    These  may  concern  either  lungs  or  blood- 

1  We  know  very  little  concerning  the  cough  and  sneezing  reflexes,  but  it  does 
not  seem  to  me  that  it  is  absolutely  necessary  to  accept  the  statement  commonly 
made,  and  which  I  have  followed  in  the  text,  that  many  different  nerves  may 
carry  up  the  afferent  impulses.  Exposure  of  the  body  to  cold  air  implies  stimu- 
lation of  the  nasal  and  laryngeal  mucous  membranes  by  cold  air,  and  irritation  of 
the  external  auditory  meatus  leads  to  a  "  tickling  in  the  throat,"  as  anyone  can 
determine  for  himself.  With  regard  to  sneezing  on  exposure  to  a  bright  light, 
it  is  quite  possible  that  the  light  only  acts  indirectly,  by  causing  a  secretion  of 
tears  which  pass  into  the. nose  by  the  lacrymal  duct,  and  stimulate  the  nasal 
mucous  membrane. 
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vessels,  owing  to  the  fact  that  variations  of  intra-thoracic  pres- 
sure bear  upon  the  lungs  and  the  heart  with  the  great  blood- 
vessels attached  to  it.  Normally,  the  intra-thoracic  pressure  is,  of 
course,  negative.  In  the  dead  body,  the  pressure  is  about  8  mm. 
Hg  below  that  of  the  atmosphere ;  and  this  may  be  taken  as  the 
pressure  obtaining  at  the  end  of  an  ordinary  expiration.  With 
inspiration,  the  mean  negative  pressure  is  increased,  becoming 
in  man  at  the  end  of  a  deep  inspiration  equal  to  about  30  mm. 
of  Hg  (Stewart).  In  ordinary  expiration,  muscular  activity  plays 
no  part,  but  the  act  is  simply  due  to  a  recoil  of  the  thoracic 
walls  from  the  position  into  which  they  have  been  brought  by 
the  contraction  of  inspiratory  muscles,  especially  the  diaphragm. 
In  forced  expiration,  the  intra-thoracic  pressure  still  further 
approximates  towards  that  of  the  atmosphere,  and  may  at  times 
actually  become  positive.  This  is  especially  liable  to  be  the  case 
in  coughing. 

Circulatory  Changes. — As  regards  the  circulation,  even  the 
variations  of  intra-thoracic  pressure  coincident  with  normal 
respiration  have  important  results.  The  mean  negative  pressure 
obtaining  within  the  thorax  tends  to  draw  the  blood  from  parts 
outside  the  thorax  into  the  heart.  Owing  to  the  disposition  of 
valves  and  the  relative  thinness  of  the  walls  of  veins,  this 
force  especially  concerns  the  venous  blood-flow.  Hence  in- 
spiration favours  filling  of  the  heart,  increases  the  velocity 
of  the  blood-now  (but  diminishes  the  pressure)  in  the  great 
veins,  increases  the  rate  and  the  force  of  heart-beat,  quickens 
the  pulse  and  makes  it  more  forcible,  increases  the  amount 
of  blood  thrown  out  by  the  left  ventricle  at  each  systole,  and 
raises  the  blood-pressure.  Expiration  has  the  opposite  effects ; 
in  particular,  it  raises  the  venous  blood-pressure. 

When  expiration  is  forcible  and  the  intra-thoracic  pressure 
becomes  positive,  as  it  does  in  violent  coughing,  the  obstruction 
to  venous  blood-flow  at  the  entrance  of  the  veins  into  the  thorax 
becomes  plainly  evident  by  the  swelling  of  cervical  and  facial 
veins,  and  the  congestion  and  blueness  of  the  skin,  which  occur. 
But  the  increase  of  venous  pressure  acts  back  upon  the  small 
veins  and  capillaries,  and  if  they  are  unable  to  withstand  the 
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sudden  stress,  they  rupture.  This  is  the  explanation  of  the 
epistaxis  and  the  conjunctival  ecchymoses  often  seen  in  chil- 
dren suffering  from  whooping-cough.  The  explanation  of  such 
haemorrhage  as  occurs  in  cerebral  apoplexy,  and  is  often  brought 
about  by  a  violent  expiratory  effort,  such  as  cough  or  straining 
at  stool,  is  somewhat  different.  Here  arterioles  are  concerned, 
and  the  explanation  lies  in  the  facts  that  the  vessel  walls  are 
already  the  seats  of  disease,  and  that  the  violent  expiratory 
effort  with  closed  glottis  raises  the  arterial  blood-pressure  instead 
of  lowering  it,  as  is  the  case  in  normal,  effortless  expiration. 
Eupture  of  healthy  arterioles  is  never  caused  by  even  the  most 
forcible  expiratory  effort.  The  rise  of  arterial  blood-pressure 
in  cough  and  similar  violent  expiratory  efforts  is  probably  due 
to  the  increase  of  peripheral  resistance  and  the  increased 
force  of  heart-beat  caused  by  contraction  of  many  muscles, 
especially  those  of  the  abdominal  wall. 

Pulmonary  Changes  (Emphysema). — In  the  case  of  the  lungs 
themselves,  we  must  consider  the  constitution  of  the  thoracic 
walls  a  little  more  closely.  The  thorax  is  indeed  "a  closed 
box,"  but  it  is  one  of  which  the  walls  are  not  of  a  uniform 
rigidity  throughout.  The  ribs  are  highly  resistant,  the  costal 
cartilages  less  so,  at  the  costal  interspaces  there  is  neither  bone 
nor  cartilage,  and  at  the  root  of  the  neck  the  thoracic  wall  is 
formed  by  little  more  than  skin  and  subcutaneous  tissue.  Hence 
the  effects  of  variations  in  intra-thoracic  pressure  are  different  at 
different  regions  of  the  thorax ;  when  the  intra-thoracic  pressure 
is  reduced  the  soft  parts  sink  in,  when  it  is  increased  they  bulge. 
With  the  normal  variations  in  pressure  accompanying  respira- 
tion, neither  of  these  conditions  is  important,  but  when  these 
variations  become  abnormal,  the  case  is  different. 

Now,  the  rise  of  intra-thoracic  pressure  caused  by  violent  ex- 
piratory efforts,  such  as  cough  (and  we  may  add  here  the  playing 
of  wind  instruments),  is  intra-pulmonary,  and  therefore  the  lungs 
will  be  most  affected  by  the  pressure  within  them  at  those  points 
where  they  are  least  supported,  in  particular  at  the  apices.  A  very 
clear  demonstration  of  this  fact,  and  of  the  consequences  to  which 

it  leads  in  the  lung,  is  given  by  the  following  simple  experiment. 

2  Y 


706 


THE  PATHOLOGY  OF  RESPIRATION. 


If  a  deflated  india-rubber  ball  be  held  in  the  half-closed  hand,  and 
the  pressure  within  the  ball  be  raised  considerably  by  forcing  air 
into  it,  while  at  the  same  time  the  hand  itself  is  held  rigid,  the 
india-rubber  ball  will  bulge  and  become  thinned  at  the  points  which 
are  not  supported  by  the  fingers.  The  same  is  true  of  the  lungs : 
they  bulge  at  the  apices,  as  anyone  can  readily  determine  for 
himself  by  placing  the  fingers  in  the  supra-clavicular  fossae  and 
making  forcible  expiration  with  a  closed  glottis.  At  the  same 
time,  the  alveolar  walls  in  these  regions  become  distended  and 
stretched.  If  this  condition  is  frequently  caused,  and  if,  in 
particular,  the  elasticity  of  the  lung  has  become  impaired  owing 
to  disease,  or  is  congenitally  less  than  normal,  the  unsupported 
parts  do  not  fully  return  to  their  normal  size  and  shape  with 
disappearance  of  the  excessive  intra-pulmonary  pressure.  They 
are  left  larger  than  normal,  and  since  the  strain  to  which  they 
have  been  subjected  frequently  causes  rupture  of  the  alveolar 
walls,  contiguous  alveoli  become  converted  into  single  large 
spaces,  and  form  the  bullae  which  are  so  characteristic  of  pul- 
monary emphysema. 

Here,  then,  we  have  an  important  result  of  persistent  cough. 
Pulmonary  emphysema  is  at  the  present  time  regarded  as  the 
effect  of  violent  expiratory  efforts  upon  a  lung,  the  elasticity  of 
which  is  impaired.1  It  is  only  necessary  to  add  here  that 
emphysema  is  almost  invariably  found  along  with  chronic  bron- 
chitis, a  disease  in  which  the  two  factors,  cough  and  impairment 
of  lung  tissue,  are  markedly  present. 

1  The  modern  explanation  of  the  pathology  of  emphysema  was  first  advanced  in 
this  country  by  Sir  W.  Jenner  in  1856,  but  it  had,  in  1845,  already  been  put  for- 
ward in  Germany  by  Mendelssohn.  Two  other  theories,  which  are  now  of  historical 
interest  only,  were  put  forward  by  Laennec,  who  first  adequately  described  the 
condition,  and  by  Gairdner  of  Edinburgh.  Laennec's  view  was  that  the  bronchi 
in  bronchial  catarrh  being  obstructed  by  swelling  or  by  accumulation  of  mucus, 
the  smaller  expiratory  force  was  unable  to  expel  air  that  entered  the  alveoli 
during  inspiration.  Gairdner's  view  was  that  emphysema  arises  solely  during 
inspiration,  and  that  for  its  occurrence  some  part  of  the  lung  must  have  previously 
(  been  rendered  functionless  by  collapse,  tubercle,  or  other  cause.    Under  these 

conditions,  enlargement  of  the  thorax  during  inspiration  must  lead  to  undue 
expansion  of  the  remaining  alveoli.  He  therefore  regarded  emphysema  as  "  com- 
pensatory." Sir  R.  Douglas  Powell  holds  that  the  inherent  elasticity  of  the 
thoracic  cage,  which  normally  tends  to  enlarge  the  thoracic  cavity,  is  an  im- 
portant factor  in  the  production  of  early  stages  of  emphysema. 
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We  must  now  return  to  consideration  of  changes  in  the  larynx 
and  trachea  in  connection  with  disordered  respiration. 

Apart  from  the  cough  by  which  they  are  accompanied,  laryn- 
geal and  tracheal  morbid  conditions  are  important  in  the  pathol- 
ogy of  respiration  in  two  ways:  either  (1)  because  they  cause 
stenosis,  or  (2)  because  they  permit  foreign  substances  to  gain 
access  to  the  lungs. 

(1)  The  most  important  causes  of  stenosis  of  the  larynx  and 
trachea,  besides  lodgment  of  foreign  bodies,  are  laryngeal  diph- 
theria, paralysis  of  the  laryngeal  abductor  muscles,  oedema  of  the 
glottis,  laryngismus  stridulus,  cicatrices,  cancer  and  other  new- 
growths  (whether  affecting  the  air-tube  itself,  the  thyroid  body, 
the  cervical  glands,  the  oesophagus  or  other  neighbouring  part), 
aneurysm  of  the  innominate  or  carotid  arteries,  whether  acting 
by  direct  pressure  or  (as  in  the  case  of  aortic  aneurysm)  by 
leading  to  paralysis  of  a  posterior  crico-arytenoid  muscle  by 
pressure  on  its  nerve. 

Under  any  of  these  conditions  the  entrance  and  exit  of  air  to 
the  lungs  is  impeded,  and  the  extent  to  which  this  is  the  case 
varies  according  to  the  degree  of  stenosis.  The  impediment  may 
be  so  slight  as  to  pass  unnoticed ;  it  may  be  so  great  as  rapidly 
to  lead  to  death  from  asphyxia.  Between  these  extremes  every  con- 
ceivable condition  may  be  met  with.  In  a  well-marked  case  of  ob- 
struction the  rate  of  respiration  is  considerably  reduced,  respiration 
itself  is  laboured,  and  the  extraordinary  muscles  of  inspiration  and 
expiration  are  called  into  play.  The  duration  of  expiration  is 
now  equal  to  that  of  inspiration  instead  of  being  slightly  greater, 
as  is  normally  the  case ;  but  the  actual  duration  of  both  phases 
of  respiration  is  prolonged,  and  the  comparative  pause  which  in 
ordinary  breathing  obtains  between  an  expiration  and  the  follow- 
ing inspiration,  is  done  away  with.  At  the  same  time,  the  absence 
of  sound  which  characterises  normal,  quiet  breathing  is  exchanged 
for  a  more  or  less  harsh,  whistling  noise  (stridor)  formed  by 
passage  of  air  over  the  seat  of  obstruction,  and  the  soft  rustling 
heard  on  auscultating  the  normal  chest,  with  inspiration,  gives 
place  to  a  rough,  to-and-fro,  grating  noise.  The  difficulty  with 
which  air  enters  and  leaves  the  lungs  is  further  shown  by  the 
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recession  of  the  soft  parts  in  the  supra-clavicular  fossae,  the  inter- 
costal spaces,  and  the  hypochondria  and  epigastrium  that  occurs 
along  with  inspiration,  and  the  bulging  of  these  parts  that  occurs 
with  expiration.  Lastly,  a  more  or  less  well-marked  cyanosis 
testifies  to  the  deficient  aeration  of  the  blood,  and  a  profuse 
perspiration  to  the  muscular  labour  which  the  patient  is  under- 
going ;  possibly,  however,  the  sweating  may,  in  part,  be  reflex, 
and  depend  upon  the  action  of  venous  blood  upon  a  medullary 
centre. 

(2)  The  other  way  in  which  morbid  conditions  of  the  larynx 
and  trachea  may  lead  to  disordered  respiration,  viz.,  by  allowing 
access  of  foreign  bodies  to  the  lungs,  is  of  equal  importance. 
The  chief  cause  of  this  accident  is  abolition  of  the  cough-reflex, 
whether  owing  to  insensitiveness  of  the  laryngeal  and  tracheal 
mucous  membrane,  as  in  coma,  or  in  anaesthesia  induced  by 
chloroform,  ether,  etc.,  or  owing  to  paralysis  of  the  laryngeal 
muscles  (recurrent  nerve  paralysis)  whereby  that  closure  of  the 
glottis,  which  is  necessary  to  coughing,  cannot  be  carried  out. 
Under  either  of  these  circumstances,  not  only  is  the  cough-reflex 
deficient,  but  also  the  rima  glottidis  lies  open.  Other  conditions 
often  assist  in  allowing  foreign  substances  to  pass  the  glottis  and 
enter  the  bronchi  or  lungs.  Thus  in  labio-glosso-laryngeal  (bulbar) 
paralysis,  the  defective  power  of  moulding  a  bolus  of  food,  and 
directing  the  passage  of  solids  and  liquids  from  the  mouth  to  the 
oesophagus,  often  leads  to  an  accumulation  in  the  pharynx  or 
about  the  epiglottis,  and  allows  portions  to  be  inspired  into  the 
lungs.  So  also,  in  general  paralysis  of  the  insane,  overfilling  the 
mouth  with  food,  combined  with  defective  power  of  swallowing, 
frequently  leads  to  the  same  result.  Moreover,  in  paralytic  con- 
ditions such  as  those  which  have  been  mentioned,  the  epiglottis 
remains  in  a  motionless  upright  position,  and  does  not  afford 
a  normal  protection  to  the  larynx. 

Destruction  of  the  epiglottis  itself  by  ulceration  (e.g.,  syphilitic), 
apart  from  paralysis  of  pharyngeal  and  laryngeal  muscles,  is 
apparently  not  of  the  same  importance  in  allowing  foreign  bodies 
to  pass  the  glottis.  The  condition  is  fairly  common  among 
patients  who  have  suffered  severely  from  throat  affection  in 


ENTRY  OF  FOREIGN  SUBSTANCES  INTO  BRONCHI.  709 

syphilis,  but  septic  pneumonia  from  inspiration  of  solids  or 
liquids  in  these  cases  is  much  less  frequent  than  might  be 
expected.    The  epiglottis  seems  to  be  an  inner  line  of  defence 
for  the  glottis,  and  when  the  tongue  and  pharyngeal  muscles  act 
normally,  its  protection  is  not  requisitioned.    For,  normally,  by 
contraction  of  the  muscles  concerned  in  deglutition,  the  mass  of 
solid  or  liquid  is  quickly  thrown  across  the  vertical  line  which 
passes  through  the  rima  glottidis,  and  crosses  it  at  a  considerable 
distance  above  the  laryngeal  opening  itself.    Hence,  when  the 
mass  reaches  the  level  of  the  glottis,  it  is  already  on  a  posterior 
plane,  for  it  has  been  travelling  down  the  posterior  wall  of  the 
pharynx.     But  when  the  muscles  of  deglutition  are  weakened  or 
paralysed,  this  is  not  the  case,  for  then  all  the  movements  of  the 
mass  are  slower,  and  the  path  which  it  follows,  instead  of  ap- 
proximating in  shape  to  a  right  angle,  approximates  more  to  a 
straight  line,  which  intersects  the  vertical  line  passing  through 
the  larynx,  at  a  very  acute  angle.    That  is  to  say,  in  normal 
deglutition,  the  mass  of  food  for  the  most  part  travels  in  a  plane 
behind  the  opening  of  the  glottis,  but  in  paralysed  conditions  it 
travels  for  the  most  part  in  front  of  or  directly  over  the  opening. 
It  is  therefore  easily  understood  that  destruction  of  the  epiglottis 
alone  is  a  much  less  serious  matter  than  muscular  paralysis,  so  far 
as  the  likelihood  of  subsequent  inhalation-pneumonia  is  con- 
cerned. 

The  chief  morbid  conditions  involving  the  trachea  and  allow- 
ing passage  of  foreign  substances  into  the  lungs,  are  abnormal 
openings  into  the  tube.  Such  are  those  produced  voluntarily  in 
suicidal  attempts,  or  in  tracheotomy  and  laryngotomy,  and  those 
produced  by  ulceration,  pressure  atrophy,  etc.,  in  malignant 
disease  of  the  oesophagus  or  other  parts  in  the  neighbourhood, 
pressure  of  an  aneurysm,  and  so  on.  In  these  cases  the  foreign 
substance  is  generally  blood  or  some  discharge,  but  particles  of 
food  or  drink  may  pass  into  the  trachea  if  there  is  a  definite 
fistulous  opening  between  it  and  the  oesophagus. 

Extension  of  a  diphtheritic  infection  from  the  larynx  to  the 
lungs  by  way  of  the  trachea  must  also  be  mentioned  in  this 
connection.     Generally,  a  continuous  diphtheritic  membrane 
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extends  from  the  larynx  downwards  until  it  ends  in  a  soft,  but 
tenacious,  purulent  substance  in  the  bronchi,  but  sometimes  the 
membrane  is  confined  to  the  larynx,  or  extends  only  for  a  short 
distance  down  the  trachea.  In  either  case  the  lung  condition 
which  subsequently  supervenes  is  the  same.  It  consists  in  a 
broncho-pneumonia,  which  only  differs  from  that  resulting  from 
inhalation  of  other  foreign  substances  in  the  fact  that  this  form 
is  associated  with  the  presence  of  diphtheria  bacilli,  whereas 
broncho-pneumonia  resulting  from  inhalation  of  other  foreign 
substances  is  not. 

Morbid  conditions  affecting  the  air  -  passages  above  the 
tracheal  bifurcation  may  involve  both  lungs,  but  the  right  is 
more  commonly  affected  by  entry  of  a  foreign  body,  such  as  a 
coin,  owing  to  the  anatomical  arrangement  of  the  parts.  For 
the  main  axis  of  the  trachea  passes  nearly  through  the  centre  of 
the  entrance  into  the  right  bronchus,  while  it  leaves  the  entrance 
into  the  left  bronchus  well  on  one  side ;  and,  besides,  the  diameter 
of  the  right  bronchus  is  greater  than  that  of  the  left.  A  foreign 
body  will  therefore  naturally  tend  to  fall  into  the  right  bronchus, 
and,  practically,  it  is  found  that  this  almost  always  occurs. 

(iii.)  The  Bronchi. — From  the  bifurcation  of  the  trachea 
onwards  morbid  conditions  may  affect  one  lung  alone. 

There  are  many  similarities  between  conditions  affecting  the 
main  bronchi  and  conditions  affecting  the  trachea.  Thus,  the 
right  bronchus  may  present  an  ulcerated  opening  as  the  result  of 
pressure  by  an  aortic  aneurysm,  and  blood  entering  the  bronchus 
from  the  aneurysm  may  produce  a  lung  condition  hardly  differing 
from  that  due  to  an  abnormal  opening  into  the  trachea.  Indeed 
the  pulmonary  results  in  the  two  cases  are  likely  to  be  identical, 
for  the  blood  which  enters  the  right  bronchus  excites  cough  and 
is  carried  up  into  the  trachea,  whence  it  may  readily  be  drawn 
into  the  left  bronchus  during  inspiration. 

In  the  case  of  the  smaller  bronchi,  however,  there  are  consider- 
able differences,  not  only  in  the  kinds  of  morbid  condition  by 
which  they  are  affected,  but  also  in  the  results  produced  by  those 
morbid  conditions.  In  connection  with  the  smaller  bronchi  we 
have  to  consider  (a)  bronchitis,  and  (b)  spasmodic  asthma. 
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(a)  Bronchitis.' — As  its  name  implies,  bronchitis  is  an  inflam- 
mation of  the  bronchi,  and,  like  other  inflammations,  it  may  be 
produced  by  microbial  or  by  non-microbial  irritants. 

Since  the  bronchi  communicate  freely  with  the  outer  air  one 
would  expect  that  a  bronchitis  from  which  micro-organisms  are 
completely  absent  should  be  very  rare,  if  indeed  it  existed  at  all. 
But  it  must  be  remembered  that  the  air  when  it  reaches  the 
smaller  bronchi  is  saturated  almost  completely  with  aqueous 
vapour,  and  has  passed  over  a  moist  and  sinuous  path,  which 
is  lined  by  a  ciliated  epithelium.  Hence,  few  of  the  micro- 
organisms which  enter  by  the  nose  or  mouth  normally  succeed  in 
penetrating  beyond  the  larger  bronchi;  as  a  matter  of  fact, 
expired  air  is  singularly  free  from  bacteria,  and  those  which  it 
contains  have  almost  always  been  added  to  it  in  the  pharynx, 
mouth,  or  nose  during  its  passage  outwards.  Further,  the  cough 
and  the  excessive  secretion  of  mucus  which  characterise  bronchitis 
are  means  whereby  such  bacteria  as  have  gained  an  entrance  into 
the  bronchi  are  expelled. 

In  spite  of  these  undoubted  facts,  however,  in  bronchitis  the 
ciliated  epithelium  of  the  bronchi  is  destroyed  (or  at  least  the 
cilia  themselves  are  removed)  and  the  tissue-resistance  to  invasion 
by  bacteria  is  diminished.  So  that  in  a  large  number  of  cases  the 
presence  of  micro-organisms  in  the  finest  bronchi,  or  even  in  the 
pulmonary  alveoli  themselves,  can  be  demonstrated  either  micro- 
scopically or  by  culture.  Moreover,  absolute  proof  that  bacteria 
in  the  inspired  air  succeed  in  reaching  the  terminal  bronchioles 
is  afforded  by  the  numerous  experiments  in  which  pulmonary 
tuberculosis  has  been  induced  by  causing  an  animal  to  respire  air 
charged  with  tubercle  bacilli. 

The  respiratory  changes  induced  by  bronchitis  differ  according 
as  the  larger  or  the  smaller  bronchi  are  principally  affected, 
according  to  the  characters  of  the  bronchitis,  according  to  the 
amount  of  lung  tissue  involved  in  the  process.  But  certain 
characters  of  respiration  are  common  to  bronchitis  generally. 

In  all  cases  of  bronchitis  the  sounds  heard  on  auscultation  of 
the  normal  lung  are  modified,  and  especially  by  the  fact  that 
adventitious  sounds  are  superadded.     These  are  heard  both  with 
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inspiration  and  expiration,  are  snoring  (rhonchus),  whistling 
(sibilus),  or  bubbling  (rales)  in  character  according  to  the 
amount  of  secretion  present  in  the  bronchi  and  its  viscidity,  and 
are  lower  or  higher  in  pitch  according  as  they  are  produced  in 
larger  or  smaller  bronchi.  Further,  expiration  itself  is  altered 
apart  from  the  existence  of  adventitious  sounds.  In  the  normal 
chest  and  with  quiet  breathing  expiration  is  inaudible,  but  in 
bronchitis  it  is  distinctly  audible,  and,  in  addition,  it  is  commonly 
prolonged.  The  prolongation  of  respiration  is  due  to  the  fact 
that  air  leaves  the  alveoli  less  rapidly  than  normal.  This  may  be 
because  the  bronchial  secretion  presents  a  definite  obstacle  to 
recoil  of  the  alveolar  walls,  but  more  often  it  means  that  their 
elasticity  has  become  impaired  because  the  bronchitis  has  led  to  an 
emphysematous  condition  of  the  lung  after  the  manner  that  has 
already  been  described.  The  audibility  of  expiration  in  bronchitis 
depends  upon  the  abnormal  condition  of  the  bronchial  mucous 
membrane ;  the  air,  instead  of  passing  over  a  smooth  surface  as 
in  health,  passes  over  one  which  presents  irregularities  owing  to 
the  congested  state  of  the  mucous  membrane,  the  presence  of 
exudation,  mucus,  etc.  Where  lung  tissue  is  definitely  involved, 
as  in  broncho-pneumonia,  the  audibility  of  expiration  and  the 
particular  characters  which  are  presented  by  it  and  by  inspira- 
tion (tubular  breathing),  are  due  to  the  greater  density  of 
tissue  lying  between  the  bronchus  and  the  chest-wall. 

The  rate  of  respiration  in  bronchitis,  and  the  amount  of  dyspnoea 
experienced  by  patients,  are  very  variable.  In  ordinary  chronic 
bronchitis,  in  which  the  larger  bronchi  alone  are  as  a  rule 
affected,  dyspnoea  is  generally  absent  and  the  rate  of  respi- 
ration is  unaltered.  But  in  acute  bronchitis  affecting  the  small 
bronchi  of  both  lungs  (bronchiolitis),  and  in  broncho-pneumonia 
(capillary  bronchitis,  lobular  pneumonia),  the  case  is  different. 
Respiration,  in  these  forms  of  bronchitis,  is  rapid — thirty, 
forty,  or  more  respirations  per  minute  being  often  observed — and 
the  dyspnoea  may  be  as  extreme  as  in  stenosis  of  the  larynx  or 
trachea,  though  its  characters  are  somewhat  different.  The  same 
is  true  in  plastic  bronchitis,  a  very  rare  condition  of  which  the 
pathology  is  unknown3  but  in  which  the  exudation  coagulates 
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and  forms  a  cast  of  portions  of  the  bronchial  tree.  These  casts 
are  quite  characteristic  of  the  particular  form  of  bronchitis,  and 
portions  may  be  expectorated  after  a  severe  fit  of  coughing; 
apparently  they  may  be  formed  repeatedly,  and  they  offer  mani- 
fest analogies  to  the  "  false  membranes  "  of  diphtheria. 

The  increased  rate  of  respiration  in  these  cases  probably  has  a 
multiple  origin.  In  part  it  depends  upon  the  fever  by  which 
acute  (though  not  chronic)  forms  of  bronchitis  are  accompanied ; 
in  part  it  is  compensatory,  a  greater  number  of  respirations  being 
necessary  to  produce  the  same  result,  now  that  the  aerating 
function  of  a  portion  of  the  lung  has  been  abolished  ;  and  in  part 
it  is  probably  due  to  reflex  stimulation  of  the  respiratory  centre 
by  afferent  impulses  passing  in  the  vagus  from  its  terminations 
in  the  bronchial  mucous  membrane,  for  gentle  1  stimulation  of  the 
central  end  of  the  cut  vagus  below  the  origin  of  the  superior 
laryngeal  nerve  quickens  respiration. 

In  all  cases  of  this  description,  however,  it  is  difficult  to  decide 
how  far  the  increased  rate  of  respiration  and  the  dyspnoea  are  of 
pulmonary,  how  far  of  cardiac,  origin.  Probably  both  pulmonary 
and  cardiac  conditions  combine  in  producing  the  result.  For 
not  only  do  pulmonary  conditions  lead  to  cardiac  changes,  as  we 
have  already  seen  (p.  75),  but  also  one  of  the  most  distressing 
forms  of  dyspnoea  with  rapid  breathing  occurs  under  conditions 
in  which  air  can  freely  enter  and  leave  the  lungs  (pulmonary 
embolism). 

(b)  Spasmodic  Asthma. — Spasmodic  asthma  shows  itself  by  the 
supervention,  generally  in  the  early  morning,  of  an  agonising 
dyspnoea.  The  rate  of  respiration  is  usually  unaltered ;  the 
time  occupied  by  the  inspirations  is  perhaps  shorter  than  normal, 
but  expiration  is  greatly  prolonged,  and  all  the  accessory  muscles 
of  expiration  are  called  into  play.  Hence  asthma  is  eminently  an 
expiratory  dyspnoea.  In  an  uncomplicated  case,  this  condition  of 
respiratory  distress  lasts  for  two  or  three  hours,  and  then  gradu- 

1  Stronger  stimulation  causes  arrest  of  respiration,  as  does  stimulation  of  the 
central  end  of  either  the  superior  laryngeal  or  the  vagus  above  the  point  where 
it  is  joined  by  the  superior  laryngeal.  For  further  details  in  reference  to  the 
effects  of  vagus  stimulation  upon  respiration,  text-books  on  physiology  must  be 
consulted. 
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ally  passes  off,  to  be  renewed,  in  all  probability,  on  the  following 
night.  This  may  go  on  for  two  or  three  nights,  and  then,  for  a 
varying  length  of  time,  no  attacks  occur.  During  the  interval 
between  attacks  the  patient  is  in  perfect  health  except  for  such 
symptoms  as  are  due  to  muscular  exhaustion,  loss  of  sleep,  etc., 
or  are  due  to  secondary  cardiac  or  pulmonary  changes  as  may 
have  been  induced  by  the  attacks. 

The  paroxysmal  nature  of  spasmodic  asthma  is  therefore  one 
of  its  most  marked  characteristics,  and  this  fact,  together  with 
the  obvious  impediment  to  expiration  which  obtains  in  an 
attack,  are  strongly  in  support  of  the  view  that  asthma  essentially 
consists  in  a  spasmodic  contraction  of  the  unstriped  muscular 
fibres  in  the  walls  of  the  bronchioles.  It  is  now  generally 
allowed  that  such  a  spasmodic  contraction  can  experimentally  be 
produced  as  the  result  of  direct  or  reflex  stimulation  of  the  vagi. 
The  fact,  too,  that  depressant  drugs — such  as  stramonium,  chloro- 
form, ipecacuanha  in  large  doses,  belladonna,  etc. — are  often  of 
marked  benefit  in  cutting  short  an  attack,  is  further  evidence  in 
favour  of  this  view. 

But  the  pathology  of  asthma  is  not  thereby  fully  elucidated. 
For,  in  the  first  place,  it  is  not  easy  to  understand  how  a  spastic 
contraction  of  the  bronchioles  over  the  whole  of  both  lungs  can 
continue  for  hours ;  and,  in  the  second  place,  even  if  this  view 
be  accepted,  the  cause  which  leads  to  the  spastic  condition  is  still 
unexplained. 

For  these  reasons  it  has  been  suggested  that  asthma  really 
consists  in  a  congestion  or  inflammation  of  the  whole  bronchial 
mucous  membrane,  whereby  the  lumen  of  the  smaller  tubes  is 
greatly  diminished.  It  is  certainly  in  favour  of  this  view  that  in 
hay-fever,  which  is  only  a  special  form  of  bronchial  asthma,  the 
nasal  mucous  membrane  is  markedly  congested  and  swollen,  and 
that  Stork  claimed,  by  aid  of  the  laryngoscope,  to  have  seen  the 
mucous  membrane  of  the  whole  trachea  and  the  opening  of  the 
right  bronchus  congested  and  swollen  in  a  patient  suffering  from 
an  attack  of  asthma.  But  it  is  so  difficult,  in  view  of  the  sudden- 
ness with  which  an  attack  generally  comes  on,  and  of  the  rela- 
tions of  asthma  with  migraine  and  epilepsy,  to  believe  that  a 
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widespread  inflammation  or  even  congestion  can  be  the  im- 
mediate cause  of  asthma,  that  this  explanation  is  even  less 
satisfactory  than  the  one  which  ascribes  the  attack  to  a  muscular 
spasm. 

There  is  no  doubt,  however,  that  in  an  attack  of  asthma,  the 
patient's  lungs  are  hyper-distended  and  his  expiration  is  enor- 
mously impeded ;  his  general  aspect  and  examination  of  his 
chest  are  sufficient  evidence  of  these  facts.  And  since  there  is 
certainly  no  obstruction  high  up  and  in  the  larger  air-passages, 
we  are  probably  correct  in  concluding  that  the  seat  of  obstruction 
is  the  smallest  bronchioles.  Cohnheim  was  inclined  to  believe 
that  some  cases  of  asthma  are  due  to  tetanic  contraction 
of  the  diaphragm,  though  for  the  majority  he  believed  that 
bronchial  spasm  is  the  explanation.  With  regard  to  tetanic 
contraction  of  the  diaphragm,  though  theoretically  it  might  be 
accompanied  by  a  condition  of  asthma,  I  am  not  aware  that  there 
is  any  evidence,  clinical  or  experimental,  that  this  is  actually  the 
case,  or  that  such  a  condition  ever  obtains  in  spasmodic  asthma. 
On  the  whole,  therefore,  and  in  spite  of  difficulty,  it  is  safest 
at  present  to  hold  that  the  attack  of  asthma  is  due  to  mus- 
cular spasm  of  the  smallest  bronchi,  and  that  any  congestion  or 
inflammation  of  the  bronchial  mucous  membrane  that  may  be 
present  is  secondary. 

Starting,  then,  from  this  standpoint,  we  have  next  to  consider 
the  conditions  upon  which  the  onset  of  the  muscular  spasm 
itself  depends.  Here  we  are  upon  very  uncertain  ground, 
for  there  is  no  disease  in  which  so  many  different  conditions 
may  lead  to  attack  ;  indeed,  hardly  two  cases  of  asthma  are  alike 
in  this  respect.  It  was  at  one  time  thought  that  Charcot's 
crystals  (p.  170),  which  are  commonly  found  in  the  early  ex- 
pectoration after  an  attack  of  asthma,  lead  to  onset  of  the 
attack  by  irritating  the  terminations  of  the  vagi  in  the  bronchial 
mucous  membrane.  But  this  view  was  abandoned  when  it  was 
found  that  the  crystals  may  often  be  found  in  the  sputa  of 
patients  who  do  not  suffer  from  asthma. 

On  the  other  hand,  there  is  much  to  be  said  for  the  view 
that  the  disease  is  primarily  nervous.    In  this  respect  its 
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analogies  with  migraine  and  epilepsy — diseases  that  are  ad- 
mittedly nervous — are  highly  important.  Thus  all  three  condi- 
tions— asthma,  migraine,  epilepsy — occur  in  neurotic  individuals, 
show  a  tendency  to  hereditary  transmission,  are  liable  to  be 
called  forth  by  indiscretions  in  diet,  have  relationships  with 
gout,  may  be  preceded  by  premonitory  symptoms  constituting 
a  distinct  "  aura,"  whether  this  is  generally  the  case  as  in 
epilepsy,  frequently  the  case  as  in  migraine,  or  sometimes  the 
case  as  in  asthma.  Even  more  important,  as  showing  this  re- 
lationship, is  the  case,  recorded  by  Salter,  of  an  epileptic  patient 
whose  fits,  after  having  set  in  with  their  usual  premonitory 
symptoms,  were  on  several  occasions  replaced  by  asthmatic 
paroxysms. 

Next,  it  must  be  mentioned  that  asthma  is  in  some  cases 
directly  traceable  to  an  antecedent  attack  of  bronchitis  (whether 
primary,  or  occurring  along  with  measles  or  whooping-cough)  in 
a  patient  having  no  hereditary  tendency  to  asthma.  This  fact 
suggests  strongly  that  an  impaired  nutrition  of  the  bronchi  may 
play  some  part  in  the  production  of  asthma.  It  is  possible,  in 
other  cases  in  which  this  relationship  with  an  antecedent  lung 
affection  is  not  recognisable,  that  there  is  a  congenital  hyper-sen- 
sitiveness of  the  bronchioles  which  is  hereditarily  transmitted. 
Upon  this  point,  however,  one  can  only  speculate,  though  it  would 
not  be  in  disagreement  with  modern  views  of  cell-nutrition. 

Lastly,  Marcet  considers  that  the  well-known  fact,  that  a  forced 
inspiration  sometimes  causes  a  temporary  suspension  of  asthmatic 
spasm,  is  a  proof  that  deficient  aeration  of  the  blood  supplying  the 
respiratory  centres  bears  a  definite  relation  to  the  causation  of 
asthma. 

The  great  difference  between  stenosis  of  the  larynx  or  trachea 
and  a  stenosis  such  as  we  have  presumed  to  exist  in  the  attacks  of 
bronchial  asthma,  lies  in  the  fact  that  in  laryngeal  or  tracheal 
stenosis  there  is  difficulty  both  in  inspiration  and  in  expiration, 
whereas  in  asthma  the  difficulty  essentially  concerns  expiration 
alone.  This  difference  depends  upon  the  fact  that  in  the  one 
case  the  obstruction  is  outside  the  thorax,  whereas  in  the  other 
it  is  within  the  thorax. 
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When  the  obstruction  is  tracheal  or  laryngeal,  enlargement  of 
the  thoracic  cavity  with  inspiration  is  without  influence  upon  the 
degree  of  stenosis,  but  when  the  obstruction  is  within  the  thorax, 
and  especially  when  it  is  situated  in  the  bronchioles  (as  in 
asthma),  the  increase  of  negative  pressure  with  inspiration  tends 
to  dilate  the  bronchioles  and  therefore  to  diminish  the  stenosis. 
Hence  the  different  extent  to  which  inspiration  is  impeded  in  the 
two  classes  of  case. 

But  the  direct  converse  obtains  with  regard  to  expiration. 
For  when  the  obstruction  is  tracheal  or  laryngeal,  violent 
expiratory  efforts  must  tend  to  overcome  the  resistance  and 
force  the  air  within  the  chest  past  the  obstruction,  but  when 
the  obstruction  is  within  the  thorax,  violent  expiratory  efforts 
only  aggravate  the  mischief,  by  compressing  the  small  bronchi 
and  diminishing  their  lumen  yet  more.  An  analogous  condition 
occurs  in  the  case  of  patients  with  enlarged  prostate ;  straining 
only  forces  the  hypertrophied  middle  lobe  of  the  gland  yet  more 
closely  over  the  first  portion  of  the  urethra,  so  that  it  increases 
the  difficulty  of  micturition,  or  may  stop  the  flow  of  urine 
altogether. 

(iv.)  The  Pulmonary  Alveoli. —  The  alveolar  conditions 
leading  to  disordered  respiration  are  emphysema,  obliteration  of 
the  alveolar  cavity  from  within  the  lung,  and  collapse  of  lung. 

(a)  Emphysema. — Emphysema  has  already  been  considered  at 
some  length  (p.  705),  so  we  shall  not  discuss  it  further,  but  shall 
at  once  pass  to  consideration  of  conditions  in  which  the  alveolar 
cavity  is  obliterated  by  conditions  acting  within  the  lung. 

(b)  Obliteration  of  the  Alveolar  Cavity  from  within. — Under 
this  heading  come  such  conditions  as  croupous  pneumonia,  broncho- 
pneumonia, tuberculosis  and  other  forms  of  specific  broncho-pneu- 
monia, abscess,  new-growths  in  the  lung,  hsemorrhagic  infarct, 
pulmonary  apoplexy,  oedema  of  the  lung.  Widely  differing  as  they 
are  in  their  histological  characters  and  in  the  morbid  conditions 
upon  which  they  depend,  widely  differing  according  as  they  destroy 
and  replace  the  lung  tissue  (e.g.,  new-growths,  tuberculosis,  abscess) 
or  are  temporary  additions  to  the  lung  tissue  (e.g.,  croupous 
pneumonia,  oedema),  they  yet  all  agree  in  the  fact  that  they 
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reduce  the  amount  of  lung  available  for  the  exchange  of  gases 
between  the  outer  air  and  the  blood.  This  being  the  case,  they 
must,  of  necessity,  throw  extra  work  upon  the  alveoli  that  are 
still  capable  of  exercising  their  function.  And  the  degree  to 
which  that  extra  work  shows  itself  by  disordered  respiration 
must  depend — at  least,  in  part — upon  the  amount  of  lung  tissue 
that  has  been  rendered  functionless. 

The  condition  best  exemplifying  the  statement  just  made  is 
croupous  pneumonia.  In  this  disease  a  considerable  proportion 
of  the  total  lung  area — one  or  more  lobes — is  within  a  few  hours 
converted  into  a  solid  mass,  and  becomes  useless  so  far  as  aeration 
of  blood  is  concerned,  owing  to  the  outpouring  and  coagulation 
of  a  copious  inflammatory  exudation  into  the  air-sacs.  The  result 
is  that  the  remainder  of  the  lung  becomes  hyper-distended  (as 
shown  by  the  note  which  it  yields  on  percussion),  and  the  rate  of 
respiration  is  enormously  increased.  The  respirations  themselves 
are  shallow,  but  they  may  number  thirty,  forty,  or  more  in  the 
minute.  There  is  often  no  feeling  of  distress,  but  the  bluish 
coloration  of  the  lips,  cheeks,  and  ears  shows  that  the  blood  is 
deficiently  aerated.  That  this  increased  frequency  of  respiration 
is  not  merely  associated 1  is  clearly  indicated  by  the  fact  that  the 
rate  of  respiration  is  increased  quite  out  of  proportion  to  the 
increased  rate  of  heart-beat.  The  ratio  between  these  two  is 
no  longer  the  normal  three  or  four  to  one,  but  rises  to  two  to 
one  or  higher,  and  in  some  cases,  where  both  lungs  are  affected, 
respirations  are  even  more  frequent  than  heart-beats. 

But  however  probable  it  seems  that  this  increased  frequency  of 
respiration  in  pneumonia  is  compensatory,  it  is  impossible  to  accept 
this  view  as  a  full  and  complete  explanation.  For  it  is  one  of  the 
most  striking  phenomena  of  the  disease  that  directly  the  critical 
fall  of  temperature  has  taken  place,  the  ratio  between  rate  of 
respiration  and  rate  of  heart-beat  returns  to  the  normal.  And 
this,  though  physical  examination,  and  actual  inspection  in  fatal 
cases,  proves  conclusively  that  the  amount  of  solidified  lung  is 
still  the  same  as  before  the  crisis.  In  part,  no  doubt,  the 
increased  frequency  of  respiration  is  also  febrile.  But  even  then 
1  See  below,  p.  738. 
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the  phenomena  are  not  fully  explained.  For  in  the  case  of 
pulmonary  tuberculosis  we  may  have  a  solidification  of  lung 
quite  as  extensive  and  a  fever  quite  as  high,  but  the  normal 
ratio  of  respiratory  frequency  to  frequency  of  heart-beat  is  not 
disturbed  as  it  is  in  pneumonia. 

There  must  consequently  be  some  other  factor  or  factors  enter- 
ing into  the  process.  Of  these,  the  suddenness  with  which  the 
solidification  of  lung  is  brought  about  seems  to  play  a  highly 
important  part.  In  the  case  of  pleural  effusion  we  know  that 
the  rate  of  respiration  is  more  readily  quickened  by  a  rapid 
outpouring  of  fluid,  though  the  total  quantity  be  small,  than  it  is 
by  a  gradual  outpouring  of  a  far  larger  quantity.  And  analogous 
examples  showing  the  effect  of  the  time-factor  in  determining 
the  resulting  phenomena  might  easily  be  multiplied.  Since, 
then,  it  takes  tuberculosis  at  least  as  many  weeks  to  produce  the 
same  degree  of  pulmonary  solidification  that  croupous  pneumonia 
produces  in  hours,  it  is  intelligible  that  the  respiratory  phenomena 
should  be  different  in  the  two  diseases,  and,  in  particular,  that  the 
respiratory  function  should  be  disordered  to  a  greater  extent  in 
pneumonia. 

At  this  point  we  are  left  in  the  region  of  surmise.  For  the 
need  of  compensation,  the  fever,  the  conditions  induced  by  rapid 
onset  of  the  disease  can  only  modify  respiration  by  way  of  the 
respiratory  centre,  and  of  the  changes  occurring  here  we  are 
completely  ignorant. 

It  is  unnecessary  to  discuss  the  other  conditions  which  have  been 
mentioned  as  leading  to  obliteration  of  the  alveolar  cavity  from 
within.  Nor  is  it  necessary  to  refer  to  the  pneumokonioses, 
in  which  a  sub- inflammatory  condition  of  lung,  accompanied  by 
formation  of  much  fibrous  tissue,  is  produced  by  inhalation  of 
those  various  forms  of  dust  which  have  already  been  mentioned 
as  causing  abnormal  pigmentation  of  lung.  For  they  all  act 
essentially  in  the  same  way  as  tubercular  infiltration  or  croupous 
pneumonia.  They  cause  hyper-distension  (perhaps  also,  in  the 
case  of  the  more  chronic  diseases,  hypertrophy)  of  the  alveoli 
into  which  air  can  still  enter.  They  increase  the  frequency  of 
respiration  to  a  greater  or  less  degree  according  as  the  amount 
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of  lung  involved  is  greater  or  less,  according  as  the  disease  is 
produced  with  greater  or  less  suddenness,  according  as  it  is  more 
or  less  accompanied  by  fever.  They  modify  the  depth  of  in- 
dividual respirations,  making  them  shallower  if  the  amount  of 
lung  involved  is  great  or  respiratory  movements  are  accompanied 
by  pain,  making  them  deeper  if  the  amount  of  lung  involved  is 
not  great  and  if  respiratory  movements  are  painless.  Speaking 
generally,  the  depth  of  individual  respirations  varies  inversely 
with  the  frequency  of  respiration ;  but  when  the  disease  is  not 
extensive,  depth  of  inspiration  and  frequency  of  respiration  may 
both  be  slightly  increased. 

(c)  Collapse  of  Lung. — In  collapse  of  lung,  as  in  diseases  where 
there  is  obliteration  of  the  alveoli  from  within,  air  fails  to  reach 
the  air-sacs.  Since,  too,  both  conditions  agree  in  that  they  may 
involve  amounts  of  lung  varying  from  a  few  lobules  to  whole 
lobes  or  even  a  whole  lung,  the  actual  changes  in  respiration 
brought  about  by  them  are,  in  the  main,  identical.  Such  differ- 
ences as  obtain  depend,  not  upon  the  collapse  or  the  obliteration 
from  within,  as  such,  but  upon  the  causes  leading  to  those  con- 
ditions. It  is  unnecessary,  therefore,  to  discuss  the  respiratory 
changes  caused  by  collapse  of  lung.  But  a  few  words  must  be 
said  as  to  the  manner  in  which  collapse  of  lung  is  produced. 

The  distension  with  air  of  normal  lung  is  brought  about  by  the 
first  inspirations  after  birth.  In  a  still-born  child  the  lungs  are 
completely  airless,  and  sink  in  water  like  lung  tissue  which 
has  become  solid  by  obliteration  of  alveoli  from  within. 
This  condition,  however,  is  not  termed  collapse,  but  atelec- 
tasis. In  individuals  who  have  once  breathed,  atelectasis  is 
extremely  rare,  except  in  the  case  of  premature  and  weakly 
infants,  and  in  the  large  majority  of  cases,  an  airless  condition 
of  lung  tissue  means  that  air  has  been  removed  from  previously 
distended  air-sacs,  not  that  it  has  never  reached  them  ;  in  other 
words,  it  means  that  we  have  to  do  with  collapse,  not  with 
atelectasis. 

The  conditions  leading  to  collapse  of  lung  are  essentially  two : 
(1)  pressure  on  the  alveoli  from  without,  (2)  obstruction  to  bronchi. 
The  ultimate  process  whereby  air  is  removed  from  the  alveoli  is 
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probably  the  same  in  both  cases,  and  as  it  will  be  necessary  to 
discuss  the  effects  of  morbid  pleural  conditions  upon  respiration, 
we  shall  confine  our  attention,  here  to  collapse  of  lung  brought 
about  by  obstruction  of  bronchi.  The  chief  condition  which 
leads  to  obstruction  of  bronchi  being  bronchitis  affecting  the 
smaller  tubes,  collapse  of  lung  and  broncho-pneumonia  generally 
occur  together. 

For  a  long  time  collapse  of  lung  was  explained  by  aid  of  a 
theory  formulated  by  Gairdner,  and  known  as  the  "  ball-valve  " 
theory.  Gairdner's  theory  was  a  converse  of  the  explanation 
given  by  Laennec  for  emphysema.  It  assumed  that  when  a  plug 
of  secretion  is  in  a  small  bronchus,  it  is  drawn  more  closely  to 
the  bronchial  wall  in  inspiration  and  pushed  away  during  expira- 
tion, and  hence  it  was  concluded  that  more  air  leaves  the  alveoli 
with  which  the  bronchus  is  in  connection,  during  expiration,  than 
enters  it  during  inspiration.  This  theory  is  now  of  historical 
interest  only. 

At  the  present  time  it  is  generally  accepted  that  collapse  is 
produced  because  the  air,  formerly  contained  in  the  alveoli  com- 
municating with  the  obstructed  bronchus,  has  been  removed  by 
the  blood.  This  was  conclusively  proved  by  Lichtheim  nearly 
twenty  years  ago.  He  completely  obstructed  bronchi  in 
rabbits  by  placing  in  them  plugs  which  swelled  with  the  moisture, 
and  found  that  a  typical  collapse  was  produced  of  that  portion 
of  lung  supplied  by  the  occluded  bronchus.  Finding  that  pure 
oxygen  is  removed  from  the  alveoli  more  rapidly  than  atmospheric 
air,  and  that  the  same  is  true  (though  to  a  less  degree)  in  the 
case  of  carbonic  acid,  while  pure  nitrogen  is  removed  less  rapidly 
than  atmospheric  air,  he  concluded  that  in  collapse  the  oxygen  of 
the  contained  air  is  removed  first,  then  the  carbonic  acid,  and 
last  of  all  the  nitrogen.  But  whether  this  be  so  or  no,  there  is 
no  doubt  that  in  collapse  all  air  is  removed  even  to  its  last 
traces,  so  that  the  alveolar  walls  ultimately  lie  in  contact,  or  at 
most  are  separated  by  a  small  quantity  of  fluid  or  a  few  cells. 

Method  whereby  Air  is  removed  from  the  Alveoli  in  Collapse  of 

Lung. — The  actual  manner  whereby  air  is  removed  from  the 

alveoli  in  the  production  of  collapse  will,  at  no  distant  date, 
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form  part  of  the  whole  controversy  as  to  whether  the  exchange 
of  gases  in  the  lung  between  blood  and  alveolar  air  is  a  physical 
or  a  vital  process.  The  majority  of  authors  believe  that  this 
exchange  is  a  physical  one  of  diffusion,  and  depends  upon  the 
tensions  of  the  oxygen  and  the  carbonic  acid  on  the  two  sides  of 
the  membrane  formed  by  the  alveolar  epithelium.  In  accordance 
with  this  physical  explanation  of  normal  respiration,  Lichtheim 
believed,  and  most  authorities  follow  him  in  this  respect,  that 
the  removal  of  air  from  the  alveoli,  in  the  production  of  collapse, 
is  carried  out  by  diffusion,  aided  by  the  normal  elasticity  of  the 
lung. 

The  common  explanation  of  collapse  is  therefore  as  follows. 
As  the  intra-alveolar  air  is  removed  by  its  diffusion  into  the 
blood  of  the  alveolar  capillaries,  the  intra-alveolar  pressure  falls. 
At  a  certain  point,  diffusion  of  the  contained  gases  into  the  blood 
would  cease  were  it  not  that  the  elasticity  of  the  alveolar  wall 
keeps  the  intra-alveolar  pressure  constant,  and  is  not  exhausted 
until  the  last  traces  of  air  have  been  removed. 

But  serious  objections  have  lately  been  raised  to  the  commonly- 
received  view  as  to  the  exchange  of  gases  in  the  normal  lung. 

It  was  shown  by  Biot's  and  Moreau's  work  that  the  oxygen 
tension  in  the  air-bladder  of  fishes  (which  is  morphologically 
homologous  with  the  mammalian  lung)  varies  considerably  in 
different  species,  and  according  to  the  depth  at  which  the  fish  is 
placed  under  water.  It  was  shown  further  that  the  tension  of 
oxygen  in  the  air-bladder,  amounting,  as  it  may  do,  to  80  per 
cent,  of  the  total  gas  in  the  bladder,  is  far  greater  than  the  oxy- 
gen tension  in  the  water,  which,  at  most,  cannot  exceed  21  per 
cent.,  i.e.,  the  proportion  of  oxygen  contained  in  the  atmosphere. 
Hence  one  cannot  regard  the  oxygen  in  the  air-bladder  of  fishes 
as  having  arrived  there  by  a  simple  process  of  diffusion ;  it  must 
have  been  actively  secreted  into  the  air-bladder. 

Bohr  corroborated  the  above  results,  and  showed  further  that 
the  process  is  under  control  of  the  central  nervous  system,  for 
secretion  of  oxygen  does  not  take  place  when  the  branches  of  the 
vagus  nerve  supplying  the  air-bladder  are  cut.  In  mammals, 
Bohr  maintains  that  the  oxygen  tension  of  arterial  blood  is 
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greater  than  the  oxygen  tension  of  the  alveolar  air,  and  Haldane 
and  Lorrain  Smith  support  him  fully  in  his  contention. 

Haldane  and  Lorrain  Smith,  as  the  result  of  numerous  experi- 
ments on  different  animals,  including  man,  hold  that  the  oxygen 
tension  of  arterial  blood  has  been  hitherto  under-estimated  owing 
to  oversight  of  the  fact  that  a  considerable  and  all-important 
dissociation  of  oxygen  from  oxyhemoglobin,  and  its  fixation  in 
some  firm  combination,  takes  place  within  the  first  few  seconds 
after  removal  of  blood  from  the  body.  By  improved  methods 
they  have  shown  that  the  oxygen  tension  of  arterial  blood  is  far 
greater  than  is  generally  taught,  and,  in  most  cases,  is  consider- 
ably higher  than  the  oxygen  tension  of  the  inspired  air.  Collating 
their  results  with  those  of  Lowy,  who  found  by  careful  estimation 
that  the  tension  of  oxygen  in  the  alveolar  air  is  only  equal  to 
a  little  more  than  one-eighth  of  an  atmosphere  (actually  13*15 
per  cent.),  they  maintain  that  diffusion  alone  is  insufficient  to 
explain  the  passage  of  oxygen  through  the  alveolar  epithelium. 
Thus,  in  their  last  paper,1  they  give  experiments  showing  that  in 
man  the  average  oxygen  tension  of  arterial  blood  is  38*5  per  cent, 
of  an  atmosphere,  while  the  oxygen  tension  of  inspired  air  is  19*7 
per  cent.,  and  the  intra-alveolar  tension  of  oxygen  (Lowy)  is  13. 

Here  we  must  leave  the  question  of  absorption  of  oxygen  by 
the  lungs.  The  controversy  is  no  more  settled  than  the  allied 
controversy  as  to  the  mode  of  lymph-formation ;  and  in  the  one 
case,  as  in  the  other,  personal  estimation  of  the  value  of  given 
experiments  comes  into  play.  But  it  seems  to  me  that  the 
results  of  Bohr  and  of  Haldane  and  Lorrain  Smith  will  need 
strong  refutation  if  the  present  physical  explanation  of  gas 
exchange  in  the  lungs  is  to  hold  its  ground. 

In  view,  therefore,  of  the  uncertainty  which  obtains  as  to 
whether,  under  normal  circumstances,  gaseous  exchange  between 
the  blood  and  the  intra-alveolar  air  is  one  of  secretion  or  one  of 
simple  diffusion,  it  is  well  to  keep  an  open  mind  with  regard  to 
the  manner  in  which  air  leaves  the  alveoli  in  the  production  of 
pulmonary  collapse.  It  may  be  that  the  explanation  commonly 
given  is  the  correct  one,  but  it  is  obviously  possible  that  the  same 

1  Journ.  of  Physiol.,  vol.  xxii.  No.  3,  November  20,  1897. 
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ultimate  result  could  be  attained  if  the  alveolar  or  capillary 
epithelium  continued  to  secrete  air  into  the  blood,  while  at  the 
same  time  it  ceased  to  obtain  a  fresh  supply,  owing  to  obstruc- 
tion of  the  bronchus  with  which  the  alveoli  concerned  are  in 
connection. 

(v.)  The  PleuraB  and  Pleural  Cavities. — Morbid  condi- 
tions of  the  pleurae  and  pleural  cavities  play  a  very  important 
part  in  determining  abnormalities  of  respiration.  For  not  only 
is  it  necessary  to  normal  respiration  that  the  visceral  and 
parietal  surfaces  of  the  membrane  shall  glide  smoothly  upon  one 
another,  but  it  is  also  necessary  that  the  two  layers  shall  be  in 
contact.  The  morbid  conditions  that  we  shall  have  to  consider 
are  therefore  (1)  those  in  which  the  pleural  membrane  is  altered  ; 
(2)  those  in  which  the  pleural  layers  are  no  longer  in  contact. 

(A)  The  Pleurse. — Of  morbid  conditions  affecting  the  pleura? 
themselves,  inflammation  is  by  far  the  most  important.  But  we 
shall  not  discuss  pleuritis  (pleurisy)  here  to  any  extent,  because 
the  remarks  made  when  discussing  pericarditis,  as  to  its  causes, 
the  appearance  of  the  membrane,  the  formation  of  "  lymph,"  the 
"  friction  rub,"  the  beneficial  results  of  a  small  amount  of 
effusion,  the  changes  leading  to  the  formation  of  adhesions,  etc., 
apply  equally  well  in  the  case  of  pleurisy.  It  is  sufficient  to 
state  that  the  respiratory  modifications  caused  by  pleurisy  itself 
■ — apart  from  those  due  to  collection  of  fluid  or  to  accompanying 
lung  conditions — consist  in  a  shallowness  of  respiration,  accom- 
panied at  the  end  of  inspiration  by  a  sudden  "  catch  in  the 
breath."  This  modification  is  determined  by  the  pain  induced 
by  the  respiratory  act,  whence  it  follows  that  respiratory  modi- 
fications are  marked  according  as  the  onset  of  the  pleurisy  is 
acute.  On  the  other  hand,  when  the  pleural  inflammation  is 
very  chronic,  as  in  many  cases  of  tuberculosis,  it  may  never 
cause  the  patient  any  pain,  and  therefore  may  have  been  unac- 
companied by  any  respiratory  modification  at  all.  This  explains 
why  the  existence  of  a  pleurisy  in  pulmonary  tuberculosis  is  often 
unsuspected  until  the  effusion  poured  out  has  accumulated  to 
such  an  extent  that  it  interferes  directly  with  respiration  by  its 
mechanical  effects. 
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When  the  pleural  layers,  as  the  result  of  antecedent  inflamma- 
tion, have  become  joined  over  a  greater  or  less  extent  of  their 
surfaces  by  the  formation  of  fibrous  adhesions,  gliding  movements 
between  the  lung  and  the  thoracic  wall  are  of  course  propor- 
tionately impeded.  This  throws  extra  work  on  the  muscles  con- 
cerned in  respiration,  but  it  does  not  of  itself  introduce  any 
considerable  respiratory  modification;  the  modified  respiration 
which  undoubtedly  obtains  in  such  cases  is  essentially  due  to  the 
pulmonary  condition  underlying  the  pleurisy.  Since,  however, 
the  adhesions  are  constantly  being  stretched  by  the  respiratory 
movements,  and  are  themselves  a  source  of  irritation,  it  is 
common,  even  in  the  case  of  dense  adhesions,  to  find  some 
evidences  of  active  inflammation.  As  a  rule,  these  are  micro- 
scopic, and  are  represented  by  small  local  collections  of  migrated 
leucocytes,  but  the  frequency  with  which  repeated  attacks  of 
pleurisy  occur  in  the  same  patient,  and  more  or  less  constantly 
over  the  same  region,  shows  that  it  is  rare  for  the  pleural 
inflammation  to  become  perfectly  quiescent.  In  this  respect 
widespread  adhesion  of  the  pleural  layers  is  more  satisfactory 
than  the  presence  of  isolated  bands  of  adhesion,  for  in  the  former 
case,  movement,  and  the  irritation  to  which  movement  gives  rise, 
are  more  limited. 

(B)  The  Pleural  Cavities. — The  formation  of  adhesions 
between  the  pleural  layers  obliterates  the  pleural  cavity  to  a 
corresponding  extent,  and  this  of  itself,  as  has  just  been  said,  is 
relatively  unaccompanied  by  respiratory  modification.  But  the 
case  is  different  when  the  pleural  layers  are  separated,  for  then 
respiration  is,  as  a  rule,  profoundly  altered.  Separation  of  the 
pleural  layers  may  depend  upon  the  presence  between  them  of 
fluid  or  of  air ;  we  therefore  have  to  consider  (1)  pleural  effusion, 
and  (2)  pneumothorax.  Afterwards  a  few  words  will  be  said 
concerning  (3)  absorption  from  the  pleural  cavity. 

(1)  Pleural  Effusion. — An  effusion  into  the  pleural  cavity  is 
generally  either  the  result  of  inflammation,  when  the  fluid  may 
be  serous  or  purulent  (empyema),  or  the  result  of  venous  con- 
gestion, when  it  is  always  serous.  One  of  the  best-marked 
examples  of  an  inflammatory  effusion  is  frequently  seen  in  cases 


726 


THE  PATHOLOGY  OF  RESPIRATION. 


of  pulmonary  tuberculosis,  and  is  called  forth  by  the  irritation 
of  the  pleura  by  hard  sub-pleural  tubercles.  Of  the  same  nature 
is  the  pleural  effusion  that  often  accompanies  the  presence  of  new- 
growths  in  the  lung  or  the  thoracic  wall ;  the  fact  that  in  these 
cases  the  exudation  is  commonly  hemorrhagic  is  unimportant 
pathologically,  though  highly  important  diagnostically.  Empye- 
mata  are  typical  inflammatory  effusions,  and  are  commonly 
sequels  of  some  definitely  inflammatory  condition  of  the  lung, 
such  as  croupous  pneumonia  or  broncho-pneumonia.  In  their 
causation  M.  pneumoniae  plays  a  prominent  part.  Pleural 
effusions,  the  result  of  venous  congestion,  are  best  seen  in  the 
case  of  cardiac  disease  and  those  morbid  conditions  which  are 
liable  to  be  accompanied  by  hypostatic  congestion  of  the  lungs. 
Besides  these  causes  of  pleural  effusion,  it  must  also  be  mentioned 
that  rupture  of  blood-vessels,  whether  aneurysmal  or  healthy, 
whether  as  the  result  of  disease  or  of  injury,  may  fill  the  pleural 
cavity  with  blood.  Bare  conditions,  such  as  that  in  which  a 
hydatid  cyst  ruptures  into  the  pleural  cavity,  do  not  call  for 
special  remark. 

The  effects  of  a  pleural  effusion  upon  respiration  are 
brought  about  by  the  pressure  which  that  effusion  exerts; 
the  nature  of  the  effusion  itself  is  practically  of  no  importance. 
Not  so,  however,  the  rapidity  with  which  the  effusion  is  poured 
out.  In  this  respect  the  pleural  and  pericardial  cavities  are 
closely  analogous.  We  have  seen  that  the  rapid  outpouring  of 
150-200  c.c.  of  blood  into  the  pericardial  cavity,  as  the  result  of 
rupture  of  an  intra-pericardial  aneurysm  or  rupture  of  the  heart 
wall,  causes  profound  (and  fatal)  modification  of  cardiac  function, 
whereas  gradual  accumulation  of  serous  fluid  may  go  on  for 
weeks,  and  until  it  is  measured  by  pints,  with  far  less  serious 
results.  The  same  is  true  of  the  respiratory  function  when  the 
pleural  cavities  are  involved,  though,  of  course,  the  amounts  of 
fluid  concerned  in  this  case  are  greater,  and  the  constitutional  dis- 
turbance is  generally  less.  But,  nevertheless,  sudden  effusion  of 
blood  or  outpouring  of  inflammatory  effusion  causes  a  respiratory 
distress  which  is  not  seen  in  the  case  of  chronic  effusion  until 
a  far  larger  quantity  of  fluid  has  collected  in  the  pleural  cavity. 
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A  pleural  effusion  quickens  respiration  and  renders  it  shallow. 
This  result  is  due  to  two  causes :  firstly,  the  pressure  exerted  by 
the  fluid  on  the  lung ;  secondly,  the  pressure  exerted  on  the  heart. 

In  the  case  of  the  lungs,  a  distinction  must  be  made  between 
the  lung  on  the  same  side  as  the  effusion  and  the  lung  on  the 
other  side.  For  though  the  thorax  is  usually  spoken  of  as  one 
cavity,  the  solid  mediastinal  tissues  divide  it  into  two,  more  or 
less,  independent  cavities.  Hence  pressure-changes  occurring  in 
one  pleural  cavity  are  to  a  certain  extent  shut  off  from  the  rest 
of  the  thorax,  and  the  effects  of  a  localised  pleural  effusion  are 
different  in  the  case  of  the  two  lungs. 

On  the  unaffected  side  respiratory  movements  are  intensified, 
and  the  lung  undergoes  hyper-distension  owing  to  the  necessity 
which  has  arisen  for  an  increased  activity  of  the  sound  organ.  On 
the  affected  side  the  pressure  exerted  by  the  fluid  leads  to  an  airless 
and  bloodless  condition  of  the  lung  (carnification),  which  is  more 
or  less  extensive  according  to  the  amount  of  fluid  and  the  pressure 
which  it  exerts,  and  which  may  therefore  be  confined  to  a  few 
lobules,  or  may  involve  the  whole  lung.  In  the  latter  case  the 
lung  lies  close  to  the  spinal  column,  and  is  hardly  recognisable 
as  lung  at  all.  On  this  side,  too,  respiratory  movements  are 
impaired  and  may  be  absent,  and  auscultation  shows  that  air 
enters  the  lung  less  freely  than  normal,  or  not  at  all.  Neverthe- 
less, the  whole  lung  on  the  affected  side  is  not,  as  a  rule,  rendered 
f unctionless ;  the  upper  lobe  commonly  partakes  of  that  hyper- 
distension  which  occurs  on  the  sound  side.  Where  both  pleural 
cavities  are  the  seat  of  effusion,  both  lungs  are  in  part  collapsed, 
in  part  hyper-distended ;  thus,  it  is  common  after  death  from 
cardiac  failure  to  find  the  pleural  cavities  containing  one  or  two 
pints  of  fluid,  the  bases  of  both  lower  lobes  collapsed,  and  the 
upper  lobes  hyper-distended  or  even  emphysematous.  How  far 
the  hyper- distension  of  lung  is  able  to  compensate  for  the  lung 
tissue  which  has  been  rendered  functionless,  depends  upon  the 
amount  of  effusion,  the  rapidity  with  which  that  effusion  has 
been  poured  out,  and,  especially,  upon  the  condition  of  the 
pulmonary  tissue  which  is  called  upon  for  extra  exertion.  It 
follows,  therefore,  that  the  degree  to  which  respiration  is 
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quickened  and  rendered  shallow  by  a  pleural  effusion  depends 
upon  these  same  factors. 

In  the  case  of  the  heart,  the  effects  of  a  pleural  effusion  are 
obscure,  but  they  must  be  of  great  importance.  For  not  only  is 
the  heart  displaced  whenever  a  considerable  effusion  takes  place 
into  either  pleural  cavity,  but  also  the  alteration  of  intra-thoracic 
pressure  must  interfere  with  normal  filling  of  the  heart,  and  the 
compression  of  lung  on  the  affected  side  must  interfere  with 
passage  of  blood  through  the  corresponding  pulmonary  capil- 
laries. It  would  not  be  advisable  to  discuss  here  the  methods  in 
which  these  factors  may  act,  for  the  whole  question  is  very  com- 
plicated. But  that  the  dyspnoea  accompanying  a  considerable 
pleural  effusion  is  largely  of  cardiac  origin,  is  amply  proved  by 
the  fact  that  respiration  is  immediately  relieved  by  giving  exit 
to  the  fluid,  though  it  is  certain  that  the  compressed  lung  tissue 
does  not  resume  its  normal  function  till  much  later,  and  in  some 
cases  does  not  resume  it  at  all. 

The  cyanosis  which  often  accompanies  pleural  effusion  calls  for 
no  special  remark ;  it  is  partly  of  cardiac,  partly  of  pulmonary 
origin. 

(2)  Pneumothorax. — -In  pneumothorax  the  visceral  and  parietal 
layers  of  pleura  are  separated  by  air,  and  the  normal  negative 
intra-pleural  pressure  is  replaced  by  atmospheric  or  even  by  a 
positive  pressure.  The  essential  factors  concerned  in  the  produc- 
tion of  pneumothorax  are  the  elasticity  of  lung  tissue  and  the 
intra-pleural  negative  pressure.  If  in  a  healthy  person  the 
pleural  cavity  is  by  any  means  brought  into  direct  connection 
with  the  atmosphere,  the  pressures  inside  and  outside  the  pleural 
cavity  are  immediately  equalised  by  the  elastic  contraction  of 
the  whole  lung.  Moreover,  since  it  is  owing  to  the  existence  of 
a  negative  intra-pleural  pressure  that  air  enters  the  lung  with 
normal  inspiration,  it  follows  that  respiratory  movements  become 
valueless  so  far  as  the  affected  side  of  the  thorax  is  concerned, 
and  that  the  lung  on  this  side  takes  no  further  part  in  respiration. 
Hence,  in  a  moment,  an  enormous  increase  of  work  is  thrown 
upon  the  unaffected  lung,  with  the  result  that  onset  of  the 
pneumothorax  is  accompanied  by  agonising  dyspnoea ;  and  since 
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even  the  dyspnoeic  breathing  of  one  lung  is  unable  to  fully  com- 
pensate for  the  functionless  condition  of  the  other,  there  is 
intense  cyanosis.  Besides  these  symptoms,  there  are  those 
attributable  to  profound  shock 

Such  symptoms  as  have  just  been  described  as  occurring  in  a 
healthy  person  on  the  production  of  a  pneumothorax  are  not, 
however,  always  seen  in  disease.  For  if,  as  is  very  generally  the 
case,  pneumothorax  supervenes  during  the  course  of  pulmonary 
tuberculosis,  it  may  happen  that  so  much  of  the  lung  has  become 
bound  down  to  the  chest  wall  as  the  result  of  antecedent  pleurisy, 
that  contraction  of  the  lun^  to  undistended  volume  cannot  take 
place.  Under  these  circumstances  formation  of  a  pneumothorax 
may  be  unaccompanied  by  any  important  symptoms.  Usually, 
however,  some  condition  intermediate  between  these  two  extremes 
is  met  with,  and  in  the  cases  definitely  recognised  during  life  as 
pneumothorax,  a  sudden  onset  of  dyspnoea  with  cyanosis,  severe 
pain,  and  shock  is  noted. 

Though  the  symptoms  accompanying  pneumothorax  are,  in  the 
large  majority  of  cases,  far  more  severe  than  those  accompanying 
pleural  effusions,  owing  to  the  suddenness  with  which  pneumo- 
thorax is  produced  and  the  extent  of  lung  which  it  often  involves, 
there  is  a  general  similarity  between  the  effects  of  the  two  condi- 
tions. This  is  especially  noticeable  when  the  air  in  the  pleural 
cavity  is  under  pressure,  for  then  the  heart  will  be  as  greatly 
displaced  as  it  is  in  cases  of  large  pleural  effusion.  Considerable 
displacement  of  the  heart  is  also  seen  when  the  intra-pleural 
pressure  is  merely  atmospheric  owing  to  the  traction  exerted  by 
the  other  lung.  It  is  necessary  to  note,  however,  that  in  cases 
where  the  pericardium  has  become  closely  attached  to  the  thoracic 
wall  or  to  the  pleura  as  the  result  of  antecedent  inflammation, 
displacement  of  the  heart  cannot  take  place. 

The  chief  causes  of  pneumothorax  are  rupture  of  the  wall  of 
a  superficial  vomica,  bursting  of  an  empyema  into  a  bronchus, 
laceration  of  the  lung  by  a  fractured  rib,  penetrating  wounds  of 
the  chest  wall.  The  actual  distress  accompanying  any  of  these 
accidents  varies  considerably ;  in  the  case  of  a  fractured  rib  or 
of  a  penetrating  wound  of  the  chest  wall,  it  is  almost  always 
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very  great,  not  only  because  the  patient's  pleurae  are  commonly 
healthy,  and  therefore  the  whole  of  one  lung  suffers  contraction, 
but  also  because  the  pneumothorax  is  liable  to  be  complicated  by 
intra-pleural  haemorrhage  from  laceration  of  the  lung.  If  pyo- 
genetic  micro-organisms  have  gained  access  to  the  pleural  cavity, 
the  pneumothorax  is  likely  to  become  converted  into  a  pyo- 
pneumothorax. Indeed,  in  most  instances,  it  is  a  pyopneumo- 
thorax from  the  first,  for  pulmonary  tuberculosis  and  empyema 
account  for  an  overwhelming  majority  of  the  cases  of  pneumo- 
thorax. It  is  mainly  in  surgical  cases  that  one  meets  with  a 
pure  pneumothorax,  and  then  it  does  not  usually  remain  so  for 
long,  since  inflammatory  changes  take  place  in  the  pleura,  whether 
they  go  on  to  the  formation  of  pus  or  no. 

The  question  whether  the  pressure  within  a  pneumothorax  is 
atmospheric,  or  is  positive,  depends  upon  the  nature  of  the  open- 
ing into  the  pleural  cavity.  If  the  opening  is  free  and  not 
valvular,  air  enters  and  leaves  the  pleural  cavity  by  the  opening 
with  each  respiration,  and  the  intra-pleural  pressure  is  therefore 
atmospheric.  But  if  the  opening  is  valvular,  and  of  such  a  kind 
that  it  allows  entrance  of  air  into  the  pleural  cavity  with  in- 
spiration, but  is  a  bar  to  its  exit  during  expiration,  air  collects 
in  the  pleural  cavity  until  the  pressure  which  it  exerts  upon 
the  valve  is  sufficient  to  prevent  further  entrance  of  air.  When 
we  remember  the  force  exerted  by  the  inspiratory  muscles,  it 
is  clear  that  the  pressure  that  can  thus  be  produced  in  the 
pleural  cavity  may  be  very  considerable.1 

(3)  Absolution  from  the  Pleural  Cavity.  —  A  lung  that  has 
suffered  contraction  as  the  result  of  pneumothorax,  or  has  been 
compressed  either  in  this  way  or  by  a  pleural  effusion,  is  not 

1  The  most  important  experimental  work  upon  pneumothorax  of  recent  years 
has  been  done  by  Rodet  and  Pourrat,  Rodet  and  Nicolas,  Aron,  and  Sackur. 
Rodet  and  Nicolas  found  that  the  composition  of  a  gas  injected  into  the  pleural 
cavity  undergoes  rapid  modification.  Thus  they  found  that  the  gas  in  the 
pleural  cavity  twenty-two  minutes  after  injecting  pure  C02,  consisted  of  3 '4  per 
cent.  C02,  18*2  per  cent.  0,  78 '4  per  cent.  1ST.  They  concluded  that  the  change  is 
due  to  diffusion  between  the  gas  in  the  pleura  and  the  gases  of  the  blood,  not  the 
intra-alveolar  gases.  For  when  they  introduced  atmospheric  air  into  the  pleural 
cavity  and  caused  the  animal  to  inhale  oxygen,  they  found  no  marked  increase  in 
the  oxygen  content  of  the  intra-pleural  air. 
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necessarily  injured  permanently.  If  a  negative  pressure  becomes 
again  established  in  the  pleural  cavity,  before  inflammatory 
and  other  changes  have  had  time  to  damage  the  lung  tissue 
irretrievably,  the  lung  again  expands  with  the  inspiratory  move- 
ment of  the  chest  wall  and  resumes  its  function.  Whether  this 
fortunate  termination  obtains  or  no,  depends  upon  a  number  of 
circumstances,  of  which  the  length  of  time  during  which  the  lung 
has  remained  functionless  and  the  pressure  to  which  it  has  been 
exposed,  are  among  the  most  important. 

If  the  lung  is  to  resume  its  function  this  can  only  be  brought 
about  by  closure  of  the  pleural  opening  and  removal  of  the  air 
or  liquid  in  the  pleural  cavity.  Putting  on  one  side  aid  given 
by  surgical  means,  removal  of  the  air  or  liquid  is  carried  out  by 
a  process  of  absorption.  Removal  of  fluid  from  the  pleural 
cavity  we  have  already  discussed  sufficiently  along  with  absorp- 
tion of  fluids  generally  (pp.  248  and  fol.),  and  have  seen  that  it 
takes  place  certainly  by  way  of  the  lymphatics,  and  probably 
also,  in  some  instances,  by  way  of  the  blood-vessels.  With 
regard  to  the  removal  of  air,  there  is  no  doubt  that  absorption 
takes  place  from  the  healthy  pleural  cavity  with  extraordinary 
rapidity,  but  whether  the  air  is  removed  by  a  process  of  simple 
diffusion,  as  is  generally  believed,  is,  in  my  opinion,  as  uncertain 
as  it  is  in  the  analogous  case  of  pulmonary  collapse.  When  the 
pleura  is  not  healthy,  as  in  most  cases  of  pneumothorax  occurring 
in  the  course  of  disease,  it  is  in  the  highest  degree  probable  that 
absorption  does  not  take  place  with  the  same  degree  of  rapidity. 
Upon  this  point  we  have  no  definite  experimental  evidence ; 
nevertheless,  the  fact  that  pneumothorax  in  which  the  contained 
air  is  under  considerable  pressure  is  a  fairly  common  pathological 
condition,  whereas  it  is  almost  impossible  to  produce  experiment- 
ally a  pneumothorax  of  this  description  in  an  animal  with  healthy 
pleural  membranes,  owing  to  the  rapidity  with  which  the  air  is 
absorbed  after  its  introduction  into  the  pleural  cavity,  is  strong 
evidence  in  this  direction. 

II.  Effects  of  Changes  in  Respiratory  Movements 
upon  Respiration. — Since  respiration  is  essentially  a  muscular 
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act,  interference  with  any  of  the  muscles  concerned  in  respiration 
is  of  importance  in  considering  the  pathology  of  respiration.  It 
is  astonishing,  too,  how  many  parts  that  have  no  primary  connec- 
tion with  respiration  are  indirectly  concerned  in  the  act.  Thus, 
one  cannot  easily  consider  the  perinaeal  structures  as  respiratory, 
and  yet  any  inflammatory  process  going  on  in  this  region,  e.g.,  an 
ischio-rectal  abscess,  often  has  a  profound  though  indirect  effect 
upon  respiration,  rendering  it  shallower  and  more  rapid  than 
normal,  owing  to  the  pain  caused  by  compression  of  the  inflamed 
tissues  when  a  considerable  descent  of  the  diaphragm  takes  place. 
For  the  same  reason  the  breathing  becomes  largely  of  a  costal 
type.  In  the  case  of  peritonitis,  a  respiratory  modification  of 
this  kind  is  even  more  marked,  so  that  a  complete  absence  of 
diaphragmatic  breathing  becomes  an  important  diagnostic  sign 
of  the  condition.  In  the  cases  mentioned,  the  altered  type  of 
breathing  is  induced  to  a  large  extent  unconsciously  on  the  part 
of  the  patient,  but  that  it  is  principally  the  pain  which  leads  him 
to  make  the  change  is  shown  by  the  fact  that,  if  he  be  put  deeply 
under  the  influence  of  opium,  diaphragmatic  breathing  is  gener- 
ally resumed.  Nevertheless  pain,  as  such,  does  not  afford  the 
whole  explanation,  for  a  patient  with  generalised  peritonitis, 
though  in  a  condition  of  profound  shock  (or  more  prob- 
ably because  he  is  in  such  a  condition),  may  be  unconscious 
of  pain,  and  yet  his  breathing  is  purely  costal,  very  rapid,  and 
very  shallow.  So  that  we  must  conclude  that  the  passage 
upwards  of  afferent  impulses  inhibits  diaphragmatic  action, 
whether  those  impulses  affect  consciousness  or  not.  In  some 
cases  of  peritonitis  the  change  is  no  doubt  in  part  dependent 
upon  the  fact  that  the  muscular  bundles  of  the  diaphragm  them- 
selves share  in  the  inflammation  and  their  contractility  is 
impaired. 

Apart  from  cases  of  this  description  in  which  respiration  is 
modified  indirectly,  there  is  a  considerable  number  of  conditions 
in  which  it  is  modified  because  of  some  alteration  in  the  bony 
framework  of  the  thorax  or  in  the  true  respiratory  muscles.  To 
a  large  extent  bony  and  muscular  changes  go  together,  but  in 
many  instances  they  are  independent,  or  the  one  change  is 
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definitely  antecedent  to  the  other.  It  will,  therefore,  be  con- 
venient to  consider  them  separately. 

(i.)  Respiratory  Modifications  due  to  Morbid  Con- 
ditions of  the  Ribs  and  Dorsal  Vertebrae. — We  may  leave 
entirely  on  one  side  respiratory  modifications  seen  along  with  frac- 
ture of  the  ribs,  for  these  are  identical  with  the  modifications  accom- 
panying acute  pleurisy;  indeed,  the  actual  respiratory  changes 
seen  in  cases  of  fractured  rib  are  principally  due  to  a  coincident 
pleurisy.  So  also  it  is  not  necessary  to  discuss  the  respiratory 
modifications  seen  at  times  in  cases  of  advanced  lateral  or  anterior 
curvature  of  the  spine.  For  in  these  cases  the  thoracic  capacity 
is  diminished,  as  it  is  in  cases  of  pleural  effusion  (though  much 
more  gradually),  and  the  mobility  of  the  chest  wall  is  impaired, 
so  that  respiration  assumes  similar  changes,  and  becomes  shallower 
and  more  frequent  than  normal.  But  there  still  remain  con- 
ditions in  which  the  chest  wall  is  more  rigid  than  normal,  and 
in  which,  therefore,  enlargement  of  the  thorax  with  inspiration, 
and  diminution  in  size  with  expiration,  are  impaired. 

The  chief  conditions  in  which  increased  rigidity  of  the  chest 
wall  is  seen,  are  old  age  and  emphysema.  In  the  case  of  old  age, 
the  change  is  a  primary  one,  and  chiefly  consists  in  that  calcifica- 
tion of  the  costal  cartilages  which  is  a  natural  accompaniment  of 
old  age.  In  health,  lessened  mobility  of  the  ribs  produced  in 
this  way  is  relatively  unimportant,  for  a  greater  capacity  of  the 
thorax  can  easily  be  obtained  by  a  slightly  deeper  descent  of  the 
diaphragm.  But  in  disease  this  immobility  of  the  thorax  may 
become  extremely  important.  For  whether  the  particular  malady 
affects  the  lungs  or  no,  the  increased  respiratory  exertion  induced 
by  the  diminished  mobility  of  the  thorax  is  a  cause  of  exhaustion  ; 
and  when,  as  is  so  commonly  the  case  in  old  persons,  the  lungs 
themselves  are  primarily  or  secondarily  involved,  diminished 
mobility  of  the  chest  wall  may  play  a  highly  important  part  in 
bringing  about  a  fatal  termination,  or,  at  any  rate,  in  retarding 
convalescence. 

In  emphysema  the  thorax  assumes  a  characteristic  "  barrel  " 
shape.  The  concavity  forwards  of  the  vertebral  column  in  the 
dorsal  region  becomes  increased,  the  normal  oblique  position  of 
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the  ribs  is  exchanged  for  a  more  nearly  horizontal  one,  and  the 
mobility  of  the  ribs  themselves  is  diminished.  The  reason  of 
these  changes  lies  in  the  increased  volume  of  the  lungs  in  emphy- 
sema, the  expiratory  dyspnoea  which  that  condition  induces,  and 
the  relative  chronicity  of  the  whole  disease.  The  thoracic  change 
is  therefore  secondary  to  the  pulmonary  change  though  it  runs 
on  parallel  lines.  The  effect  upon  respiration  of  the  altered  shape 
and  mobility  of  the  chest  wall  in  emphysema  is  insignificant  com- 
pared with  the  effect  of  the  emphysema  which  calls  it  forth,  but  in 
advanced  stages  of  the  disease  the  additional  difficulty  placed  in 
the  way  of  respiration  becomes  of  great  practical  importance. 

(ii.)  Respiratory  Changes  due  to  Abnormal  Action 
of  Respiratory  Muscles. — Eespiratory  modifications  due  to 
mechanical  interference 1  with  action  of  the  diaphragm  and  inter- 
costal muscles  do  not  call  for  more  than  brief  mention  here, 
though,  clinically,  they  are  of  considerable  importance  owing  to 
the  distress  which  they  occasion  the  patient.  The  chief  conditions 
that  embarrass  respiration  in  this  way  are  ascites,  tympanites, 
presence  of  an  intra-abdominal  growth,  and  all  allied  abdominal 
conditions.  They  act  partly  by  direct  encroachment  upon  the 
thoracic  cavity,  partly  by  offering  an  abnormal  resistance  to 
descent  of  the  diaphragm  during  its  inspiratory  contraction,  and 
probably  to  a  very  considerable  extent  by  way  of  the  vascular 
embarrassment  to  which  they  give  rise,  and  the  production  of 
a  cardiac  dyspnoea. 

Besides  mechanical  interferences  with  respiration  of  this  nature, 
there  are  also  those  due  to  developmental  defects  in  the  dia- 
phragm, and  inflammatory  conditions  of  the  intercostal  muscles. 
Such  are  congenital  absence  of  part  of  the  diaphragm,  and  the 
invasion  of  intercostal  muscles  by  Trichina  spiralis  (Cohnheim). 
These  conditions  do  not  call  for  further  remark. 

1  From  the  observations  made  by  Fitz  on  large  numbers  of  individuals  unac- 
customed to  wear  constricting  dress,  it  appears  that  the  difference  between  the 
modes  of  respiration  of  civilised  men  and  women  depends  upon  the  fact  that 
civilised  woman  constricts  her  abdomen,  and  impedes  descent  of  her  diaphragm. 
Where  this  is  not  the  case,  respiration  is  about  equally  balanced  between  the 
costal  muscles  and  the  diaphragm,  and  little  or  no  difference  is  observable  between 
the  modes  of  respiration  in  the  two  sexes. 
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Of  quite  a  different  order  are  respiratory  modifications  due  to 
paralysis  of  the  true  respiratory  muscles.  Here  we  omit  mention 
of  paralyses  leading  to  inhalation-pneumonia,  for  they  have 
already  received  sufficient  attention  ;  we  are  only  concerned  with 
paralysis  of  the  intercostal  muscles  and  the  diaphragm. 

Paralyses  of  respiratory  muscles  are  probably,  in  all  cases, 
primarily  nervous.  Sometimes  the  nervous  affection  is  clear,  as, 
for  example,  when  paralysis  follows  some  injury  or  other  surgical 
affection  involving  the  spinal  cord,  but  in  other  instances, — for 
example,  Landry's  acute  ascending  paralysis, — though  implication 
of  the  nervous  system  cannot  be  doubted,  histological  examination 
has  hitherto  failed  to  demonstrate  any  nerve  changes.  Besides 
the  examples  just  given,  respiratory  disorders  follow  whenever 
the  intercostal  muscles  or  diaphragm  become  involved  in  such 
paralytic  conditions  as  progressive  muscular  atrophy,  diphtheritic 
paralysis,  and  lead  palsy. 

In  cases  of  this  description  the  extent  to  which  respiration  is 
altered,  depends  upon  the  number  of  muscles  involved  and  the 
degree  to  which  they  are  affected.  When  the  spinal  cord  is 
injured  above  the  origin  of  the  phrenic  nerves,  death  necessarily 
and  immediately  follows,  but  a  lesion  below  the  origin  of  these 
nerves  is  not  incompatible  with  life.  On  the  other  hand,  in  pro- 
gressive muscular  atrophy,  the  paralytic  condition  of  respiratory 
muscles  is  less  complete,  but  it  affects  both  intercostal  muscles 
and  diaphragm.  The  patient  with  this  disease  does  not  die 
because  all  his  respiratory  muscles  are  completely  paralysed,  but 
because  the  impaired  respiratory  movements  have  allowed  the 
supervention  of  some  inflammatory  condition  in  the  lung,  with 
which  the  weakened  respiratory  apparatus  is  unable  to  cope. 
Concerning  the  characters  of  the  respiration  in  these  different 
cases  it  is  unnecessary  to  speak. 

Closely  allied  with  paralytic  affections  of  the  true  respiratory 
muscles  are  those  in  which  the  extraordinary  muscles  of  respiration 
are  affected.  Thus  in  primary  progressive  myopathic  (pseudo- 
hypertrophic) paralysis  and  in  the  atrophic  form  of  the  same 
disease  (Erb's  paralysis)  the  pectorales  major  and  minor,  the 
serrati,  the  infra-  and  supra-spinati,  the  trapezii,  and  other 
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muscles  become  paralysed  and  wasted,  with  the  result  that  pul- 
monary affections  assume  a  proportionately  greater  importance. 
Indeed,  pulmonary  affections  are  the  commonest  causes  of  death 
in  all  cases  in  which  there  is  impairment  of  the  musculature 
concerned  in  respiration,  whether  ordinary  or  extraordinary. 

Lastly,  a  word  must  be  said  concerning  respiratory  modifica- 
tions occurring  in  cases  of  hemiplegia.  When,  for  example, 
a  cerebral  apoplexy  interferes  with  the  passage  of  nervous 
impulses  between  one  half  of  the  body  and  the  opposite  cerebral 
cortex,  there  is  no  doubt  that  the  corresponding  half  of  the 
diaphragm  and  the  respiratory  muscles  on  the  correspond- 
ing side  must  be  affected.  But  owing  to  the  law  that  those 
muscles  which  are  normally  used  in  concert,  recover  soonest 
and  most  completely  after  a  paralytic  stroke  (probably  because 
they  are  innervated  from  both  cerebral  hemispheres),  hemiplegia 
is  not  accompanied  by  the  changes  that  one  might  at  first  expect. 
It  is  only  in  the  rarest  instances,  and  very  early  after  the  attack, 
that  the  intercostal  muscles  on  the  affected  side  are  seen  to  be 
completely  paralysed.  According  to  Grawitz,  however,  it  is 
very  common  to  meet  with  a  retarded  expansion  of  the  chest  on 
the  affected  side,  even  during  unconsciousness,  but  this  is  only 
temporary.  The  actual  changes  in  respiration  observed  when  a 
paralytic  patient  is  unconscious  after  an  attack  are  therefore 
different  from  those  occurring  with  definite  paralysis  of  inter- 
costal muscles  such  as  is  seen  in  fracture  of  the  lower  cervical  or 
upper  dorsal  vertebrae.  The  respirations  are  slow  and  very  deep, 
while  the  passage  of  air  over  the  pendulous  and  paralysed  soft 
palate  causes  the  characteristic  "stertorous  breathing"  of  uncon- 
sciousness. The  altered  rate  and  depth  of  respiration  in  these 
cases  depends  upon  an  altered  condition  of  the  respiratory  centre, 
and  not  upon  altered  muscular  action  as  such. 

III.  Respiratory  Modifications  due  to  Circulatory 
Disorders. — We  shall  not  refer  in  detail  to  the  respiratory 
modifications  resulting  from  impaction  of  an  embolus  derived 
from  the  systemic  {e.g.,  uterine)  veins  in  a  main  branch  of  the 
pulmonary  artery,  for  they  practically  consist  only  in  an  in- 
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tensely  rapid  and  a  deepened  respiration  until  the  patient  is 
moribund;  immediately  before  death  they  become  sighing  in 
character  and  infrequent.  The  circulatory  changes  produced  by 
a  large  pulmonary  embolism  have  already  been  mentioned  (p. 
109).  We  shall  therefore  pass  at  once  to  consideration  of  the 
respiratory  distress  that  is  so  common  a  symptom  in  cardiac 
disease ;  it  will  then  be  convenient  to  discuss  the  pathology  of 
renal  dyspnoea  and  heat  dyspnoea,  though,  strictly  speaking,  they 
do  not  come  under  the  same  heading. 

Though  the  attacks  of  respiratory  distress  occurring  in  cardiac 
disease  and  in  uraemia  are  often  spoken  of  as  "  cardiac  asthma  " 
and  "renal  asthma,"  and  though,  in  uraemia  particularly,  the 
symptoms  may  bear  a  marked  resemblance  to  those  of  an  attack 
of  spasmodic  or  bronchial  asthma,  it  is  necessary  to  distinguish  the 
conditions  very  sharply.  For  this  reason  the  terms  "  cardiac 
dyspnoea  "  and  "  renal  dyspnoea  "  will  alone  be  used. 

(i.)  Cardiac  Dyspnoea. — Cardiac  disease  is  accompanied  by 
modified  respiration,  both  in  its  earlier  and  in  its  later  stages ; 
but  the  pathology  of  the  respiratory  changes  is  different  in  the 
two  cases. 

In  early  cardiac  disease,  shortness  of  breath  is  one  of  the 
most  constant  symptoms,  but  it  only  shows  itself  when  the  patient 
is  undergoing  muscular  exertion  (as  when  he  is  walking  fast, 
or  up  hill),  or  when  the  heart  beats  rapidly  from  some  mental 
cause,  such  as  fright.  The  shortness  of  breath  in  these  early 
cases  of  heart  disease  hardly  amounts  to  dyspnoea ;  it  is  better 
described  as  "  tachypnoea,"  for  the  rate  of  respiration  is  the  main 
factor  changed. 

Tachypnoea  upon  exertion  in  early  cardiac  disease  is  compar- 
able with  the  increased  frequency  of  respiration  seen  in  a 
healthy  person  when  undergoing  muscular  exertion,  only  it  is 
called  forth  more  readily.  We  might  consider  that  the  readi- 
ness with  which  tachypnoea  occurs  in  a  cardiac  patient,  depends 
upon  the  fact  that  the  impaired  cardiac  function  does  not  allow 
the  blood  to  be  brought  to  the  lungs  with  sufficient  rapidity  to 
ensure  a  proper  oxygenation.    That  is  to  say,  we  might  consider 

the  tachypnoea  as  compensatory  for  an  impaired  action  of  the 
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heart.  This  may  be  so  in  part,  but  it  cannot  be  the  whole 
explanation.  For,  in  the  first  place,  the  rate  of  heart-beat  in 
such  cardiac  patients  is  itself  disproportionately  increased  by 
slight  exertion ;  and,  in  the  second  place,  the  amount  of  oxygen 
which  a  given  volume  of  blood  can  take  up  is  practically  constant 
and  independent  of  the  amount  of  oxygen  presented  to  the 
haemoglobin,  so  long  as  sufficient  oxygen  is  presented  for  its 
saturation. 

Now,  the  air-passages  being  free  in  cases  of  slight  or  early 
cardiac  disease,  and  the  amount  of  oxygen  in  the  lungs  being, 
even  with  a  normal  rate  of  respiration,  far  in  excess  of  that 
required  for  saturation  of  the  haemoglobin  in  the  pulmonary 
blood,  we  cannot  believe  that  the  increased  frequency  of  respira- 
tion is  called  forth  by  a  deficient  oxygenation  of  the  pulmonary 
blood ;  and  it  is  impossible,  for  many  reasons,  to  imagine  that  it 
is  directed  to  a  hyper-oxygenation  of  the  pulmonary  blood  by 
increasing  the  tension  of  oxygen  in  the  blood-plasma.  More- 
over, we  have  no  reason  to  think  that  a  smaller  amount  of 
blood  than  normal  is  passing  through  the  lungs  in  a  given  time, 
especially  as  the  rate  of  heart-beat  is  increased  to  a  disproportion- 
ate extent.  It  is,  therefore,  very  difficult  to  regard  the  tachypnoea 
as  compensatory. 

The  true  explanation  seems  to  lie  in  the  nervous  relationships 
of  the  heart  and  lung  functions.  Both  heart  and  lungs  are  sup- 
plied by  the  vagus,  and  the  respiratory  and  cardio -inhibitory 
centres  are  in  close  anatomical  and  physiological  relationship 
with  one  another.  Both  centres  are  normally  dependent  upon 
the  degree  of  aeration  of  the  blood,  both  are  readily  affected  by 
afferent  impulses  reaching  them  from  distant  parts  of  the  body. 
Though  independent  of  one  another  in  a  sense,  they  are  very 
liable  in  ordinary  life  to  be  called  into  play  simultaneously,  and 
the  alteration  in  rate  of  action  that  is  commonly  called  for  is  in 
the  same  direction  in  both  organs,  whether  it  be  quickening,  as 
during  muscular  exercise,  or  slowing,  as  during  rest.  This  is  well 
shown  by  the  remarkable  constancy  with  which  the  normal  ratio 
between  rate  of  heart-beat  and  rate  of  respiration  (3-4 : 1)  is  main- 
tained in  health,  and  the  few  diseases  in  which  it  is  disturbed. 
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This  being  the  case,  it  is  probable  that  the  tachypnoea  of 
early  cardiac  disease  is  an  associated  rather  than  a  compensatory 
change.  Normally,  when  the  rate  of  heart-beat  is  increased,  the 
rate  of  respiration  is  increased  also,  because  both  conditions  are 
required.  A  contracting  system  of  muscles,  for  example,  requires 
a  greater  amount  of  blood,  and  forms  a  greater  amount  of  car- 
bonic acid;  therefore  the  heart  must  beat  more  rapidly  and 
more  forcibly  to  supply  the  muscles  and  to  carry  the  vitiated 
blood  to  the  lungs,  and  the  lungs  must  be  inflated  more  often, 
otherwise  the  more  rapid  flow  of  blood  through  them  would  mean 
its  deficient  oxygenation.  But  the  nervous  system,  by  which 
these  associated  changes  are  regulated,  is  not  able  to  distinguish 
between  the  rapid  action  of  a  normal  healthy  heart  and  the 
rapid  action  of  a  diseased  heart,  and  therefore  it  throws  into 
play  the  respiratory  centre,  and  increases  the  rate  of  respiration 
whenever  the  diseased  heart  acts  rapidly.  And  since,  owing  to 
purely  cardiac  causes,  this  is  of  frequent  occurrence,  shortness 
of  breath  becomes  one  of  the  most  constant  symptoms  of  cardiac 
disease.    But  the  symptom  is  associated,  not  compensatory. 

In  late  cardiac  disease  the  case  is  different.  Here  we  have 
not  only  tachypnoea,  but  also  definite  dyspnoea.  Here,  too,  the 
rate  of  heart  action  is  by  no  means  always  increased,  often  it  is 
diminished.  But  whether  the  rate  of  beat  is  increased  or 
diminished,  the  force  of  individual  beats  is  always  less  than 
normal  owing  to  failure  of  the  right  ventricle,  and  the  lungs  are 
engorged  with  blood.  Hence,  in  late  cardiac  disease  there  is  no 
doubt  that  the  velocity  of  blood-flow  through  the  lungs  is  greatly 
diminished.  The  lungs,  too,  are  (Edematous,  and  the  available 
area  for  oxygenation  of  blood  is  diminished  also,  for  the  alveoli 
are  partly  filled  with  fluid.  Therefore,  in  late  cardiac  disease, 
when  the  heart  is  failing,  the  increased  rate  of  respiration  is  not 
associated  as  it  is  in  early  disease ;  but,  as  the  cyanosis  shows,  it 
is  compensatory,  and  due  to  a  deficient  aeration  of  the  blood.  It 
is  as  distinctly  an  equilibrating  disorder  of  respiration  as  is  the 
dyspnoea  occurring  in  stenosis  of  the  larynx. 

FranQois-Franck  investigated  the  subject  of  cardiac  dyspnoea 
from  the  experimental  side.     He  found  that  every  abnormal 
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irritation  of  the  aorta  or  heart  may  provoke  reflex  respiratory 
phenomena.  These  may  be  spasmodic,  or  inhibitory,  or  aecelera- 
tory,  according  to  the  kind  of  irritation.  They  are  often  accom- 
panied by  spasm  of  larynx,  bronchi,  or  pulmonary  vessels  if  the 
dyspnoea  is  of  medium  severity ;  if  the  dyspnoea  is  very  slight 
and  respiration  is  quickened,  or  if  there  is  complete  arrest  of 
respiration,  spasm  of  bronchi  or  of  pulmonary  vessels  does  not 
occur.  According  to  this  author,  therefore,  the  dyspnoea  of  late 
cardiac  disease  has  marked  analogies  with  spasmodic  asthma. 
The  only  effect  of  a  valve  lesion  appears,  from  his  experiments, 
to  be  an  intensification  of  phenomena  which  can  well  be  called 
forth  in  the  absence  of  a  valve  lesion. 

(ii.)  Renal  Dyspnoea. — Eenal  dyspnoea  is  even  more  com- 
plicated in  its  pathology  than  cardiac  dyspnoea.  In  some  cases 
it  may  be  essentially  a  dyspnoea  of  late  cardiac  disease,  for  it 
has  repeatedly  been  stated,  in  the  preceding  pages,  that  the  later- 
symptoms  in  renal  disease  of  the  fibrotic  variety  are  often  purely 
cardiac.  But  in  uraemia  there  is  frequently  a  dyspnoea  which  is 
not  of  cardiac  origin.  This  variety  of  dyspnoea  has  distinctly  more 
resemblance  to  spasmodic  asthma  than  the  dyspnoea  observed 
in  cardiac  disease.  Thus,  it  is  often  paroxysmal,  and  sometimes 
especially  affects  expiration.  In  most  cases  of  uraemia,  however, 
there  is  a  hissing  tachypnoea,  in  which  the  rate  of  respiration 
is  markedly  increased  without  any  particular  modification  of 
either  inspiration  or  expiration.  As  to  the  pathology  of  uraemic 
dyspnoea,  we  are  very  uncertain.  We  are  bound  to  conclude  that 
it  depends  upon  an  altered  constitution  of  the  blood,  and  it  is 
probable,  bearing  in  mind  the  frequent  occurrence  of  epileptiform 
convulsions  in  uraemia,  that  it  is  brought  about  by  action  of  the 
altered  blood  upon  nervous  centres,  but  more  than  this  cannot 
be  said  at  present.  In  particular,  it  is  unknown  how  far  it  may 
depend  upon  alterations  in  the  lungs,  whether  oedema  similar  to 
that  which  sometimes  affects  the  larynx  in  acute  renal  disease,  or 
muscular  spasm  similar  to  that  which  is  regarded  as  being  the 
cause  of  spasmodic  asthma. 

(iii.)  Heat  Dyspnoea. — Heat  dyspnoea,  properly  so  called,  is 
a  phenomenon  which  is  seen  to  a  marked  extent  in  animals  that 
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have  been  exposed  to  high  external  temperatures.  There  is  some 
uncertainty  with  regard  to  its  pathology,  though  there  is  no 
doubt  that  the  increased  frequency  of  respiration  has  for  its 
object  an  increased  heat  loss.  Most  authors  maintain  that  it 
depends  upon  the  fact  that  over-heated  blood  reaches  the  respi- 
ratory or  thermic  centres,  but  Sihler  maintains  that  increased 
warmth  of  the  skin,  and  not  increased  warmth  of  the  blood,  is 
the  effective  factor.  Thus  he  found  that  whereas  an  animal 
with  severed  spinal  cord,  and  therefore  with  poor  cutaneous  cir- 
culation, when  exposed  to  external  warmth,  suffered  a  rise  of 
1°  C.  in  body  temperature,  and  increased  his  respiration  by  25 
per  cent.,  a  normal  animal,  exposed  in  the  same  way  to  external 
warmth,  increased  his  rate  of  respiration  by  800  per  cent., 
though  at  the  same  time  his  body  temperature  did  not  rise  at 
all.  The  accelerated  respiration  of  hyperthermia  is  essentially  a 
heat  dyspnoea,  and  probably  the  increased  frequency  of  respira- 
tion in  fever  is  of  the  same  nature  ;  but  on  this  point  we 
cannot  be  so  certain,  owing  to  the  presence  of  toxic  substances 
in  the  blood  in  febrile  diseases.  Eeference  has  already  been 
made  (p.  452)  to  the  effects  of  supplying  the  brain  and  spinal 
cord  with  experimentally  heated  blood. 

IV.  Respiratory  Modifications  due  to  Morbid  Condi- 
tions of  the  Blood. — Though,  of  course,  pathological  modi- 
fications of  respiration  fundamentally  depend  upon  a  deficient 
aeration  of  the  blood  (using  the  expression  in  the  broadest 
possible  sense),  it  is  only  when  some  morbid  condition  of 
the  red  corpuscles  is  present  that  the  blood  itself  can  be 
primarily  inculpated ;  hence,  as  a  matter  of  fact,  morbid  condi- 
tions primarily  affecting  the  blood  form  a  minority  amongst  the 
causes  of  disordered  respiration,  if  we  may  eliminate  from  this 
category  the  respiratory  changes  in  febrile  conditions.  With 
this  exception,  all  primary  morbid  conditions  of  the  blood  lead- 
ing to  disordered  respiration  act  by  way  of  anaemia. 

The  respiratory  modifications  seen  in  anaemic  conditions,  when 
the  patient  is  at  rest,  are  not,  as  a  rule,  dyspnoeic.  Eespiration 
may  be  slightly  increased  in  frequency,  but  the  principal  effect 
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of  the  anaemia  is  a  tachypnoea  on  exertion,  and  this  may  un- 
doubtedly be  distressful.  Nevertheless,  in  extreme  cases  of 
anaemia,  such,  for  example,  as  that  seen  after  profuse  haemorrhage, 
the  "  air-hunger  "  may  be  intense,  and  the  respirations  panting. 
If,  however,  the  patient  is  moribund,  respirations  are  likely  to 
be  infrequent  and  sighing  in  character. 

The  pathology  of  breathlessness  in  anaemia  having  been 
considered  elsewhere  (p.  178),  it  is  unnecessary  to  advert  to  the 
question  here. 

V.  The  Effects  of  Abnormality  of  the  Respired  Air.— 

The  alterations  that  may  be  undergone  by  the  air  presented  for 
respiration  are  innumerable,  for  they  include  all  conditions  from 
respiration  of  rarefied  air  to  respiration  of  abnormal  gases,  such 
as  nitrous  oxide,  chloroform-vapour,  ether-vapour,  etc.,  adminis- 
tered in  order  to  produce  anaesthesia.  There  is,  therefore,  no  limit 
to  the  length  at  which  this  section  might  be  discussed.  Never- 
theless, the  chief  pathological  effects  of  alterations  in  the  respired 
air  are  due  to  a  deficient  oxygenation  of  the  blood,  aided,  in 
some  cases,  by  the  direct  effects  of  some  constituent  gas  having, 
irritating  or  poisonous  properties. 

(i.)  Deficiency  of  Oxygen. — The  effects  of  gradually  dimin- 
ishing the  amount  of  oxygen  in  air  do  not  become  manifest 
until  the  amount  of  oxygen  present  has  been  reduced  from  the 
normal  21  per  cent,  to  about  12  per  cent.,  and  even  then  the 
only  symptom  recognisable  is  a  slight  increase  in  depth  of  respi- 
ration. "At  10  per  cent,  the  respirations  are  distinctly  deeper 
and  more  frequent  and  the  lips  become  slightly  bluish.  At  8 
per  cent,  the  face  begins  to  assume  a  leaden  colour,  though  the 
distress  is  still  not  great.  With  5  or  6  per  cent,  there  is  marked 
panting,  and  this  is  accompanied  by  clouding  of  the  senses  and 
loss  of  power  over  the  limbs,  which  would  probably  end  sooner 

or  later  in  death   When  air  containing  less  than  1  or  2 

per  cent,  of  oxygen  is  breathed,  loss  of  consciousness,  without 
any  distinct  previous  warning  symptom,  occurs  within  about  forty 
or  fifty  seconds   Loss  of  consciousness  is  quickly  suc- 

ceeded by  convulsions,  which  are  followed  by  cessation  of  the 
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respirations.  The  heart  still  continues  to  beat,  in  the  case  of 
cats  and  clogs,  for  from  two  to  eight  minutes."  1 

The  pathological  conditions  in  man  with  which  these  experi- 
mental reductions  in  the  amount  of  oxygen  in  the  air  may  be 
compared,  are  (a)  "  mountain-sickness,"  and  the  symptoms  often 
observed  by  aeronauts,  (h)  the  effect  of  inhaling  carbon  monoxide 
("after-damp"),  which  Haldane's  investigations  have  shown  to 
be  the  principal  cause  of  death  in  colliery  explosions. 

In  all  these  cases,  though  there  are  great  differences  in  the 
manner  of  its  production,  the  final  result  is  the  same,  and 
consists  in  a  deficient  oxygenation  of  the  blood,  using  that  term 
in  a  broad  sense. 

(a)  Mountain-sickness. — Mountain -sickness  has  at  different 
times  been  ascribed  to  different  causes,  of  which  the  chief — 
heart-failure,  fatigue,  indigestion,  diminished  barometric  pres- 
sure, deprivation  of  oxygen — are  fully  discussed  by  Allbutt  in 
his  System  of  Medicine.  In  this  article  Allbutt  expresses  his 
adhesion  to  the  view  that  deprivation  of  oxygen  is  the  essential 
factor,  though  he  points  out  that  the  other  alleged  causes  un- 
doubtedly play  an  important  part  in  determining  the  particular 
altitude  at  which  the  disorder  shall  show  itself.  The  highest 
altitude  that  has  been  attained  without  symptoms  of  mountain- 
sickness  is  16,500  feet.  At  this  altitude  the  oxygen  tension  in 
the  atmosphere  corresponds  to  an  oxygen  tension  of  about  10 
per  cent,  at  sea  level,  so  that  there  is  a  remarkable  agreement 
between  practical  experience  in  mountaineering  and  the  result 
of  diminishing  the  amount  of  oxygen  in  the  air  used  for  respira- 
tion by  direct  experiment,  as  described  above.  Haldane  and 
Lorrain  Smith  bring  forward  evidence  to  show  that  the  symp- 
toms caused  by  diminution  in  the  oxygen  tension  of  the  air 
breathed  are  due  to  a  fall  in  the  oxygen  tension  reached  by 
the  blood  in  the  lungs,  and  not  to  diminution  in  the  quantity  of 
oxygen  carried  by  the  blood  from  the  lungs.  They  find  that  in 
birds  and  mice,  under  pressures  of  one-third  to  one-quarter  of  an 
atmosphere,  the  oxygen  tension  in  the  arterial  blood  leaving  the 

1  Haldane's  Report  to  the  Secretary  of  State  for  the  Home  Department  on  the 
"  Causes  of  Death  in  Colliery  Explosions,  1896,"  p.  15. 
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lung,  though  lower  than  normal,  is  still  high  enough  to  saturate 
the  haemoglobin  almost  completely,  even  when  the  animal  is  at 
the  point  of  death.1 

(b)  Poisoning  with  Carbon  Monoxide— -Inhalation  of  carbon 
monoxide  produces  symptoms  which  are  in  many  respects  simi- 
lar to  those  of  mountain-sickness.  Thus  the  principal  symptoms 
consist  in  dizziness,  weakness  of  the  legs,  dimness  of  sight,  palpi- 
tation following  any  extra  exertion;  as  in  mountain-sickness, 
severe  headache,  nausea  and  vomiting  also  occur,  though  they 
are  seen  especially  in  patients  recovering  after  a  more  or  less 
lengthened  exposure  to  the  gas.  Gradual  inhalation  of  the  gas, 
as  when  the  amount  present  is  not  great  (-1-2  per  cent.),  is 
accompanied  by  very  little  actual  distress,  owing  to  the  insidious 
manner  in  which  carbon  monoxide  produces  its  effects.  Haldane 
has  pointed  out  that  in  colliery  explosions  the  position  of  the 
bodies  gives  evidence  that  death  has  been  peaceful. 

Carbon  monoxide  produces  its  effects,  owing  to  the  fact  that 
its  affinity  for  haemoglobin  is  about  250  times  as  great  as  that  of 
oxygen  for  haemoglobin.  When,  therefore,  the  blood  is  exposed 
to  a  mixture  of  these  two  gases,  carboxyhaemoglobin  is  formed 
until  the  tension  of  carbon  monoxide  in  the  blood  corresponds  with 
the  tension  of  the  gas  in  the  atmosphere.  Air  containing  *1  per 
cent,  of  carbon  monoxide  causes  the  blood  to  become  about  half 
saturated  with  this  gas.  Since  carboxyhsemoglobin  is  useless  for 
respiratory  purposes,  the  final  result  of  respiring  air  containing 
this  percentage  of  carbonic  monoxide  is  the  same  as  if  the 
oxygen  tension  of  the  air  breathed  had  been  reduced  by  half. 
In  the  case  of  colliery  explosions,  the  greatest  percentage  satu- 
ration of  the  victims'  blood  with  carbon  monoxide  found  by 
Haldane  was  about  80  per  cent. 

1  "  Caisson  "  disease,  which  occurs  in  those  who  have  been  exposed  to  increased 
barometric  pressure  of  air  {e.g.,  persons  engaged  in  tunnelling  operations),  and 
manifests  itself  when  they  again  become  exposed  to  atmospheric  pressure,  is, 
according  to  Snell,  rather  due  to  insufficient  ventilation  than  to  decompression. 
But  there  are  certain  points  concerned  with  its  incidence  which  are  difficult  to 
explain  on  this  supposition.  Especially  so  is  the  fact  that  "caisson"  disease 
shows  a  much  greater  liability  to  affect  persons  above  the  age  of  45  years  than 
those  below  the  age  of  25  years.  (Snell,  Compressed  Air  Illness  or  so-called 
"  Caisson"  Disease,  1896.) 
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(ii.)  Increase  of  Carbon  Dioxide. — Inhalation  of  carbonic 
acid  gas  has  well-marked  effects  upon  respiration.  In  a  series  of 
careful  experiments,  Haldane  and  Lorrain  Smith  found  that  it 
causes  no  appreciable  symptoms  until  it  constitutes  3-4  per  cent, 
of  the  inspired  atmosphere,  but  at  that  point  it  causes  a  slight 
deepening  of  respiration  ;  6  per  cent,  causes  panting  and  some 
headache ;  with  7-8  per  cent  panting  is  very  distressing,  and 
with  10—11  per  cent,  respiratory  distress  is  extreme  ;  higher  per- 
centages seem  to  have  an  -anaesthetic  effect.  The  gas  does  not 
act  only  by  diluting  the  oxygen,  but  is  distinctly  poisonous,  for 
the  symptoms  mentioned  are  seen  when  the  normal  percentage 
of  oxygen  in  the  air  is  fully  maintained,  and  even  when  it  is 
definitely  increased. 

In  connection  with  increase  of  carbonic  acid  in  an  atmosphere 
we  must  briefly  consider  the  effects  of  breathing  air  that  has 
already  been  used  for  respiration. 

There  is  no  doubt  that  breathing  air  which  has  been  repeatedly 
used  for  respiration  causes  a  considerable  discomfort,  which  shows 
itself  principally  by  increased  frequency  of  respiration  and  by 
frontal  headache.  Further,  the  historic  instance  of  the  Black 
Hole  of  Calcutta  is  ample  evidence  that  repeated  respiration  of 
the  same  air  is  highly  dangerous  to  life. 

It  is  certain  that  other  substances  besides  carbonic  acid  (ex- 
halations from  the  bodies  of  individuals,  etc.)  collect  in  a  badly 
ventilated  room  in  which  persons  are  congregated,  and  to  these, 
as  well  as  to  the  carbonic  acid  itself,  Haldane  and  Lorrain  Smith 
ascribe  the  frontal  headache ;  the  increased  frequency  of  respira- 
tion they  ascribe  almost  entirely  to  the  carbonic  acid  alone. 
But  they  maintain  that  the  air  of  the  closest  dwelling-room — 
though  a  source  of  discomfort — is  not  an  immediate  source  of 
danger  to  life.  For  they  found  that  the  amount  of  carbonic  acid 
that  can  be  borne  without  discomfort  (much  less,  danger)  by 
breathing  respired  air  from  which  smell  is  absent,  is  ten  to 
twenty  times  as  great  as  the  amount  present  in  the  worst 
ventilated  living-room. 

With  regard  to  the  cause  of  immediate  danger  in  repeated 
respiration  of  the  same  air,  there  are  two  distinct  views:  (1)  that 
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of  Hermans  and  of  Haldane  and  Lorrain  Smith,  who  believe  that 
the  danger  lies  solely  in  excess  of  carbonic  acid  and  deficiency 
of  oxygen ;  (2)  that  of  Brown-Sequard  and  D'Arsonval,  who 
maintain  that  the  danger  is  due  to  the  presence  of  some  toxic 
substance  of  undefined  nature,  but  other  than  carbonic  acid,  in 
air  that  has  been  used  for  respiration. 

Brown-Sequard  and  D'Arsonval  concluded  from  a  series  of 
experiments  that  respiration  adds  to  air  a  toxic  substance  other 
than  carbonic  acid,  which  is  a  direct  menace  to  life.  They  kept 
rabbits  in  an  atmosphere  which  was  constantly  renewed,  but 
which  consisted  of  air  that  had  been  respired  by  other  rabbits. 
The  animals  almost  invariably  died  after  a  longer  or  shorter 
time,  whereas  animals  which  breathed  the  same  air,  after  it  had 
been  passed  through  sulphuric  acid,  survived.  They  concluded 
that  expired  carbonic  acid  has  no  part  in  the  poisonous  quality 
of  respired  air. 

These  experiments,  however,  are  not  fully  convincing.  For 
an  undiscovered  leak  through  which  fresh  air  reached  the 
animals  that  survived,  and  owing  to  which  they  did  not  receive 
the  same  amount  of  previously  respired  air  as  the  animals  that 
died,  would  explain  the  whole  experiment  from  the  points  of 
view  of  Haldane  and  Lorrain  Smith.  And  even  if  this  possi- 
bility were  excluded,  there  is  no  evidence  that  it  was  the  pro- 
ducts of  respiration  that  killed  certain  of  the  rabbits,  rather  than 
accidental  putrefactive  and  other  gaseous  products,  such  as  are 
present  in  all  cages  in  which  animals  are  confined.  Moreover, 
several  authors  have  repeated  the  various  experiments  of  Brown- 
Sequard  and  D'Arsonval,  but  have  failed  to  obtain  similar 
results.  It  is,  therefore,  safer  to  conclude  at  present  that  the 
danger  of  breathing  air  that  has  been  repeatedly  used  for 
respiration  lies,  not  in  the  fact  that  it  contains  some  specific 
poison,  but  in  its  excess  of  carbonic  acid  and  its  deficiency  of 
oxygen. 

It  is  important  in  this  connection  to  note  that  symptoms  are 
more  readily  called  forth  by  increase  of  carbonic  acid  in  the  air 
breathed  than  by  a  diminution  of  oxygen  ;  3-4  per  cent,  increase 
of  carbonic  acid  produces  the  same  effects  upon  respiration  as 
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about  9  per  cent,  diminution  of  oxygen.  It  follows,  from  all 
that  has  gone  before,  that  excess  of  carbonic  acid  causes  panting 
long  before  there  is  serious  danger  to  the  individual,  diminution 
of  oxygen  hardly  gives  any  warning  until  danger  is  imminent. 

(iii.)  Presence  of  Abnormal  Gaseous  Constituents.— 
Into  the  respiratory  disorders  produced  by  inhalation  of  gases 
such  as  ammonia,  sulphur  dioxide,  sulphuretted  and  arseniuretted 
hydrogen,  etc.,  we  shall  not  enter  here.  In  some  instances  they 
reduce  oxyhemoglobin  {e.g.,  H2S);  in  others  they  act  by  their 
direct  poisonous  effects,  and  then  often  produce  symptoms  less 
marked  in  the  case  of  respiration  than  in  the  case  of  other  func- 
tions {e.g.,  H3As)  ;  in  other  instances  they  act  by  their  pungent 
characters  and  produce  spasm  of  the  glottis  {e.g.,  NH3)  ;  in  yet 
others  they  act  by  the  production  of  bronchitis  and  broncho- 
pneumonia. Upon  the  subject  of  chloroform-  and  ether-inhala- 
tion, however,  a  few  words  must  be  said. 

Chloroform-inhalation. — The  chief  point  of  discussion  in  this 
highly  controversial  subject  is  whether  death  from  chloroform 
depends  upon  failure  of  respiration,  as  is  held  by  Lawrie  and  the 
Hyderabad  Commissioners,  or  whether  it  depends  upon  cardiac 
paralysis  and  dilatation,  as  is  held  by  most  investigators,  amongst 
whom  Mac  William,  Einger,  Hare  and  Thornton,  Gaskell  and 
Shore,  and  Hill  must  be  mentioned.1  Since  there  is  a  general 
accord  that,  in  death  from  chloroform,  respiration  fails  first,  the 
real  point  at  issue  resolves  itself  into  the  question  whether 
chloroform  has,  or  has  not,  a  direct  effect  upon  the  heart.  Sub- 
ordinate questions,  as,  for  example,  whether  chloroform  leads  to 
vaso-motor  paralysis,  are  subjects  of  discussion  even  amongst 
those  who  maintain  that  the  heart  is  itself  affected. 

In  my  opinion,  the  question,  whether  chloroform,  administered 
as  in  chloroform-anaesthesia,  has  a  direct  action  upon  the  heart, 
was  conclusively  answered  in  the  affirmative  by  the  cross-circu- 

1  Those  specially  interested  in  the  subject  should  read  the  report  of  a  discus- 
sion (held  at  the  Royal  Medical  and  Chirurgical  Society  and  published  in  the 
Society's  Transactions  for  1895),  in  which  Lawrie,  Gaskell,  Shore,  Lauder 
Brunton,  and  others  took  part ;  also  the  Report  of  a  Discussion  on  Anaesthetics  at 
the  Montreal  meeting  of  the  British  Medical  Association  (reported  Brit.  Med. 
Journ.,  1897,  vol.  ii.). 
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lation  experiments  of  Gaskell  and  Shore.  By  an  ingenious  but 
complicated  method  of  making  artificial  communication  between 
the  arteries  and  the  veins  of  two  animals,  Gaskell  and  Shore 
were  able,  by  giving  chloroform  to  one  animal  or  the  other 
of  the  pair,  to  determine  that  the  chloroform-bearing  blood 
should  supply  either  the  heart  or  the  brain,  exclusive  of  the 
other  organ.  Under  these  circumstances  they  found  that  the 
blood-pressure  falls  rapidly  when  the  heart  is  directly  supplied 
with  chloroform-bearing  blood.  To  these  experiments  Lawrie 
objects,  though,  in  the  opinion  of  most  observers,  on  insufficient 
grounds. 

Hill  has  applied  his  work  upon  the  effects  of  gravity  on  the 
circulation  to  the  question.  He  has  shown  that  with  moderate 
anaesthesia  the  "  feet-down  "  position  produces  a  slight  fall  in 
blood-pressure,  which  can  be  restored  to  the  normal  height  by 
compression  of  the  abdomen.  When  chloroform-anaesthesia  is 
pushed,  however,  a  very  great  fall  of  blood-pressure  takes  place 
for  which  compensation  cannot  be  made  by  compression  of  the 
abdomen,  or  even  by  the  "  feet-up  "  position.  The  fall  of  blood- 
pressure  in  the  latter  case  is  therefore  different  from  that  in  the 
former.  Since  blood-pressure  depends  upon  the  two  factors, 
peripheral  resistance  and  output  of  the  heart,  and  the  effects  due 
to  peripheral  dilatation  (especially  in  the  splanchnic  area)  are 
neutralised  by  compression  of  the  abdomen,  it  follows  that  the 
fall  of  blood-pressure  with  deep  anaesthesia  depends  upon  the 
cardiac  factor.  By  quite  a  different  method,  therefore,  Hill 
corroborates  the  other  authors  who  maintain  that  chloroform  has 
a  direct  action  upon  the  heart. 

Death  from  chloroform  occurs  under  two  different  conditions : 
(1)  It  occurs  quite  early  in  anaesthesia,  often  long  before  the 
surgeon  has  begun  to  operate ;  (2)  it  occurs  in  deep  anaesthesia 
when  the  patient  has  been  unconscious  for  some  time.  The 
explanation  of  the  result  under  these  two  different  conditions  is 
probably  the  same,  and  depends  upon  paralytic  dilatation  of  the 
heart,  but  the  immediate  methods  whereby  the  result  is  brought 
about  seem  to  be  somewhat  different.  The  first  effect  of 
administering  chloroform  to  a  conscious  individual,  especially  if 
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the  amount  of  chloroform  on  the  inhaler  is  very  large,  is 
struggling  and  an  arrest  of  respiration ;  this  leads,  of  course,  to 
distension  and  dilatation  of  the  right  ventricle.  At  last  the 
need  for  respiration  becomes  imperative,  and  deep  inspirations 
are  taken,  by  means  of  which  the  pulmonary  blood  becomes 
suddenly  exposed  to  air  containing  a  large  amount  of  chloroform. 
The  blood,  therefore,  becomes  highly  charged  with  the  drug,  and 
is,  in  that  condition,  conveyed  to  the  myocardium  by  way  of  the 
coronary  arteries.  After  a  short  period  of  rapid  heart-beats, 
which  quickly  become  feeble,  the  heart  entirely  fails  to  contract. 
In  these  cases,  according  to  Hill,  respiration  and  pulse  cease 
simultaneously,  or  the  pulse  ceases  first.  Death,  during  deep 
and  prolonged  anaesthesia  with  chloroform,  is  probably  brought 
about  in  the  same  way,  excepting  that  respiration  fails  first, 
because  the  great  fall  in  blood-pressure  produces  an  anaemic 
exhaustion  of  the  respiratory  centre  which  is  coupled  with  its 
narcotisation.  In  the  first  class  of  case  it  is  easy  to  understand 
that  artificial  respiration  almost  always  proves  ineffectual;  in 
the  second  class,  Hill  maintains  that  artificial  respiration,  if 
adopted  in  time,  will  always  resuscitate  the  patient. 

Ether-inhalation. — Ether,  according  to  Hill,  has  quite  a  differ- 
ent effect  from  chloroform.  Even  when  the  blood-pressure  falls 
considerably,  as  it  does  when  administration  of  the  drug  is  pushed, 
compression  of  the  abdomen  is  always  sufficient  to  restore  the 
blood-pressure  to  its  original  height.  In  the  case  of  ether, 
therefore,  it  would  seem  that  the  heart  is  unaffected.  Though  it 
may  be  conceded  that  the  effects  of  ether  on  the  heart  are  far 
less  than  those  of  chloroform,  I  have  seen  numerous  unpublished 
tracings  taken  by  Eoy  directly  from  the  ventricle,  and  these 
certainly  do  not  substantiate  the  view  that  ether  is  without  effect 
upon  the  heart,  but  yield  evidence  in  exactly  the  opposite  direc- 
tion. These  tracings  showed  that  ether  dilates  and  paralyses  the 
heart  like  chloroform,  though  much  less  readily. 

VI.  Asphyxia,  Dyspnoea,  and  Orthopncea. — The  changes 
occurring  in  asphyxia,  dyspnoea,  and  orthopDcea  differ  from  one 
another  in  degree  rather  than  in  kind  ;  it  will,  therefore,  suffice 
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to  discuss  asphyxia  and  indicate  subsequently  the  differences  which 
obtain  between  it  and  the  two  other  conditions.  Certain  points 
in  connection  with  orthopnoea,  however,  will  need  special  dis- 
cussion. 

Asphyxia. — The  effects  of  asphyxia  are  seen  over  the  whole 
body,  but  interest  centres  chiefly  in  the  behaviour  of  the  respira- 
tory and  the  vascular  systems ;  these  will  be  discussed  separately, 
but  very  briefly,  because  of  the  attention  bestowed  on  the  subject 
in  physiological  works. 

When  the  trachea  of  a  normal  animal  is  suddenly  occluded,  the 
length  of  time  that  elapses  before  respiratory  movements  show  that 
the  animal  is  in  need  of  air,  though  it  does  not  extend  beyond 
twenty  or  thirty  seconds  at  most,  varies  according  as  occlusion 
has  been  made  at  the  end  of  an  expiration  or  of  an  inspiration. 
Under  any  circumstances,  however,  the  period  of  quietude  gives 
place  to  respiratory  movements,  both  of  inspiration  and  expira- 
tion, which  increase  in  frequency  and  in  force  until,  at  the  end  of 
about  one  minute  from  the  time  when  the  trachea  was  occluded, 
the  animal  is  powerfully  convulsed.  At  this  time  respiratory 
movements  are  chiefly  of  the  expiratory  type,  but  gradually  a 
period  of  exhaustion  sets  in,  and  the  character  of  respiration 
changes  from  a  mainly  expiratory  to  a  mainly  inspiratory  type, 
while  the  rate  of  respiration  diminishes.  Each  respiratory  effort, 
however,  is  accompanied  by  contraction  of  all  the  accessory 
muscles,  and  the  efforts  themselves  are  prolonged.  From  early 
in  the  second  minute,  the  animal  is  unconscious ;  his  sphincters 
are  relaxed,  and  involuntary  passage  of  urine  and  faeces  is  usual, 
owing  to  participation  of  the  unstriped  muscle  of  bladder  and 
intestine  in  the  general  contraction  of  muscle  throughout  the 
body. 

Of  the  vascular  results  of  asphyxia,  the  acute  dilatation  of  the 
heart  and  the  consequent  cardiac  failure  have  already  been 
mentioned  at  sufficient  length  (p.  77);  here  we  shall  only  consider 
the  blood-vessels.  To  observe  the  vascular  changes  uncomplicated 
by  respiratory  effects  it  is  necessary  to  use  a  curarised  animal. 

If,  in  a  curarised  dog  or  rabbit,  while  a  graphic  record  is  being 
taken   of  the  general  blood-pressure,  artificial  respiration  is 
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suddenly  suspended,  during  the  asphyxia  which  follows  (but 
which  is,  of  course,  unattended  by  muscular  movements),  the 
following  changes  are  noted.  The  blood-pressure  begins  to  rise 
almost  immediately,  and  rises  steadily  and  rapidly  until  it  has 
reached  a  point  far  above  the  normal.  During  the  earliest 
portion  of  the  rise  the  excursions  corresponding  to  the  heart- 
beats are  somewhat  quickened,  but  very  soon  they  become  slower 
than  normal,  and  much  more  forcible.  After  the  blood-pressure 
has  reached  its  maximum  it  begins  to  fall,  rapidly  at  first,  but 
more  gradually  after  it  has  repassed  the  normal  and  approximates 
to  zero.  During  the  early  part  of  the  fall,  the  tracing  shows 
that  heart-beats  are  still  forcible  and  infrequent,  but  soon  this 
gives  place  to  an  increased  rapidity  with  diminished  force,  which 
in  its  turn  is  followed  by  an  infrequency  and  generally  an 
irregularity  of  beat  with  still  further  diminished  force.  By  this 
time  the  animal  is  very  near  death,  but,  as  a  rule,  re -establish- 
ment of  artificial  respiration  is  sufficient  to  bring  about  a  rapid 
recovery  of  blood-pressure,  however  low  it  has  fallen,  so  long  as 
the  heart  has  not  actually  ceased  to  beat.  During  some  portion 
of  the  whole  curve  given  by  the  blood-pressure  in  asphyxia — 
roughly  speaking,  over  the  middle  three-fifths — the  rhythmic 
Traube-Hering  curves  are  observable. 

In  an  animal  that  is  not  under  the  influence  of  curare  the 
blood-pressure  curve  in  asphyxia  is  modified  by  the  effect  of  the 
respiratory  movements,  but  the  rise  of  pressure  seen  under 
normal  circumstances  with  inspiration  is,  in  asphyxia,  replaced 
by  a  fall. 

The  venous  blood-pressure  during  asphyxia  rises  enormously 
under  any  circumstances,  but  the  rapidity  with  which  the  rise 
occurs  is  greater  in  a  non-curarised  animal  owing  to  the  power- 
ful effect  produced  by  the  convulsive  movements  upon  the  venous 
blood-flow. 

In  the  production  of  these  changes — respiratory,  cardiac,  and 
vascular — it  is  a  little  difficult  to  decide  the  relative  importances 
of  the  excess  of  carbonic  acid  and  of  the  deficiency  of  oxygen 
which  result  from  asphyxia.  There  can  be  no  doubt,  however, 
that  the  early  respiratory  distress  and  the  violent  respiratory 
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movements  are  essentially  due  to  over-charging  of  the  blood  with 
carbonic  acid ;  but  the  fact  that  whereas  ordinary  venous  blood 
still  yields  the  spectroscopic  bands  of  oxyhemoglobin  the  blood 
in  asphyxia  does  not,  shows  that,  in  the  later  stages  of  suffocation, 
deficiency  of  oxygen  must  play  a  highly  important  part.  And 
yet  there  is  really  no  change  from  beginning  to  end  that  cannot 
be  explained  as  the  result  of  a  definite  poisoning  by  carbonic 
acid.  Over-charging  of  the  blood  with  carbonic  acid  leads  to 
respiratory  distress,  because  venous  blood  is  one  of  the  most 
potent  stimuli  to  activity  of  the  respiratory  centre ;  it  leads  to 
a  rise  of  blood-pressure  because  it  induces  vaso-constriction 
throughout  the  body  (but  especially  in  the  splanchnic  area)  by 
stimulating  the  vaso-motor  centre ;  it  causes  the  early  slowing  and 
strengthening  of  the  heart-beat  by  stimulating  the  cardio-inhibi- 
tory  centre,  and  the  later  increased  frequency  with  feebleness  of 
beat  by  paralysing  the  cardio-inhibitory  centre  and  impairing 
the  contractile  power  of  the  cardiac  muscle;  it  causes  uncon- 
sciousness by  the  anaesthetic  effects  which  it  produces  when  in  a 
high  degree  of  concentration.  The  most  that  can  be  directly 
ascribed  to  deficiency  of  oxygen  is  a  part  share  in  causing  the 
unconsciousness,  the  panting,  and  the  convulsions ;  but  even  here 
deficiency  of  oxygen  simply  takes  up  and  carries  on  a  work  that 
has  already  been  commenced  by  excess  of  carbonic  acid.  And 
yet,  in  the  actual  production  of  the  fatal  event,  we  cannot  but 
believe  that  deficiency  of  oxygen  is  as  important  as  excess  of 
carbonic  acid.1 

Dyspnoza. — Dyspnoea  is  really  nothing  more  than  a  prolonged 
and  sub-acute  form  of  asphyxia,  and  as  a  result  the  respiratory 

1  In  the  case  of  curarised  dogs,  I  have  found  in  some  hitherto  unpublished 
experiments,  that,  after  intra-vascular  injection  of  diphtheria  toxin,  suspension 
of  artificial  respiration  frequently  does  not  lead  to  a  rise  of  blood-pressure, 
though  the  effects  of  vagus  action  are  generally  seen.  This  would  seem  to  indi- 
cate that  diphtheria  toxin  has  some  special  effect  in  these  cases  upon  the  vaso- 
motor centre,  or  upon  the  muscular  walls  of  arterioles.  The  observation  is  of 
interest  in  view  of  the  fact  that  laryngeal  diphtheria  leads  to  a  dyspnoea  frequently 
amounting  almost  to  asphyxia.  If,  as  is  probable,  we  are  to  regard  the  rise  of 
blood-pressure  in  asphyxia  as  being  protective  in  nature  it  would  appear  that  diph- 
theria not  only  tends  to  produce  asphyxia,  but  also  tends  to  abolish  one  of  the 
protective  means  whereby  certain  of  its  ill-effects  are  minimised. 
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and  vascular  changes  are  similar  to  those  of  asphyxia,  though 
they  run  a  less  stormy  course.  In  the  case  of  vascular  changes, 
it  is  only  necessary  to  diminish  the  supply  of  air  to  a  curarised 
animal,  instead  of  completely  suspending  artificial  respiration, 
for  the  similarity  of  the  changes  in  dyspnoea  and  in  asphyxia  to 
become  evident ;  the  rise  of  arterial  and  venous  blood-pressures, 
the  evidence  of  vagus  action  on  the  heart,  the  Traube-Hering 
curves,  the  final  fall  in  arterial  blood-pressure,  appear  as  in 
asphyxia,  though  it  may  take  hours  to  produce  the  same  differ- 
ences as,  in  asphyxia,  are  produced  in  minutes  or  less. 

In  a  period  of  very  moderate,  and  therefore  very  prolonged, 
dyspnoea,  the  initial  rise  of  arterial  blood-pressure  may  not  be 
seen,  owing  to  the  fact  that  C02  does  not  accumulate  in  the 
blood  in  sufficient  quantity  to  lead  to  a  general  vaso-constriction 
of  the  splanchnic  area.  In  such  cases  the  blood-pressure  curve  is 
maintained  at  a  normal  level  for  a  long  time.  But  the  insufficient 
aeration  of  the  blood,  aided  by  other  causes,  impairs  the  efficiency 
of  the  cardiac  muscle,  so  that  ultimately  the  blood-pressure  falls  as 
in  more  acute  cases,  and  once  it  has  begun  to  fall,  it  continues  to 
do  so  far  more  rapidly  than  might  at  first  be  expected.  The 
degree  of  dyspnoea  has  a  marked  effect  upon  the  duration  and 
the  height  of  the  rise  of  blood-pressure,  but  far  less  effect  upon 
the  length  of  time  it  takes  for  the  blood-pressure  to  fall  to  zero, 
once  the  fall  has  commenced. 

So  far  as  cardiac  changes  are  concerned,  the  ventricular  dilata- 
tion seen  in  asphyxia  also  occurs  in  dyspnoea,  though  to  a  less 
marked  extent.  The  processes,  however,  whereby  the  dilatation 
is  brought  about  in  the  two  cases  are  probably  different ;  this 
question  has  already  been  sufficiently  discussed  along  with  the 
Pathology  of  the  Heart  (pp.  75-78).  The  respiratory  changes  of 
dyspnoea  may  involve  both  inspiration  and  expiration  to  a  nearly 
equal  extent,  but  the  differences  between  the  modes  of  respiration 
in  bilateral  paralysis  of  the  posterior  crico-arytenoid  muscles,  and 
in  emphysema,  show  that  dyspnoea  may  be  either  principally  of 
an  inspiratory,  or  principally  of  an  expiratory  type.  Eeference 
has  already  been  made  to  the  change  in  type  of  respiration 

during  the  later  stages  of  asphyxia.     Eespiration  is  almost 

3  B 
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invariably  quickened  in  dyspnoea,  and  often  to  a  very  consider- 
able extent;  thirty  to  forty  respirations  per  minute  is  a  very 
common  rate. 

Orthopncea.1 — In  many  cases  of  dyspnoea,  respiratory  distress  is 
so  much  greater  when  the  patient  is  lying  down  than  when  he 
is  sitting  up,  that  he  adopts  the  latter  position ;  dyspnoea  of 
this  description  is  usually  described  under  the  special  name  of 
"  orthopncea."  The  position  adopted  by  the  patient  varies  in 
different  cases,  so  that  the  term  is  not  etymologically  applicable 
to  all  the  conditions  to  which  it  is  commonly  applied.  His 
dyspnoea  varies  from  a  condition  in  which  complete  relief  is  given 
by  placing  an  additional  pillow  beneath  his  shoulders,  to  condi- 
tions in  which  he  finds  maximum  relief — but  is  still  intensely 
dyspnceic — when  sitting  perfectly  upright,  or  even  leaning  some- 
what forward.  It  is  convenient  to  divide  orthopncea  into 
"  partial "  and  "  complete,"  according  as  the  angle  formed  by  the 
patient's  back  with  the  horizontal  plane  is  less  than  or  greater 
than  45°. 

Orthopncea  may  show  itself  with  dyspnoea  arising  from  any 
cause,  e.g.,  cardiac  disease,  renal  disease,  emphysema,  spasmodic 
asthma,  pleural,  pericardial,  and  peritoneal  effusions,  pulmonary 
embolism,  acute  bronchiolitis,  pneumothorax,  aneurysm  of  the 
aortic  arch,  angina  pectoris,  etc.  Mere  tachypnoea  without 
respiratory  distress  is  generally  unaccompanied  by  orthopnoea, 
thus  patients  suffering  from  croupous  pneumonia  or  widely 
disseminated  pulmonary  tuberculosis  are  rarely  orthopnoeic. 
Perhaps  owing  to  the  relative  prevalence  of  aortic  valvular 
disease  in  men,  and  the  frequency  with  which  aortic  regurgitation 
is  associated  with  orthopncea,  the  condition  is  more  commonly 
seen  in  men  than  in  women. 

The  following  are  striking  clinical  points  in  connection  with 

1  So  far  as  I  have  been  able  to  discover,  the  pathology  of  orthopncea  has  never 
been  systematically  investigated.  In  1892  I  made  notes  of  fifty-six  cases  (male 
and  female),  and  since  that  time  have  followed  the  histories  of  the  patients  as  far 
as  possible.  These  observations,  which  are  hitherto  unpublished,  were  made  in 
the  wards  of  St  George's  Hospital,  and  it  is  upon  them  that  I  base  the  remarks 
made  in  the  text.  I  take  here  the  opportunity  of  thanking  the  physicians  in 
charge  of  the  cases  for  ample  facilities  in  examining  the  patients  and  their  records, 
both  during  life  and  after  death. 
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orthopncea : — (1)  The  onset  of  orthopnoea  is,  in  the  large 
majority  of  cases,  quite  sudden,1  the  patient  being  forced  to  sit 
upright  owing  to  the  sudden  supervention  of  a  sensation  of 
impending  suffocation.  (2)  Most  cases  of  orthopnoea  are  com- 
plete from  the  very  first.2  (3)  Once  a  patient  has  become  in  any 
degree  orthopnoeic,  the  condition  frequently  advances,  but  rarely 
recedes ; 3  it  follows  from  this,  that  though  partial  orthopnoea  may 
become  (and  often  does  become)  complete,  it  is  very  uncommon 
for  complete  orthopnoea  to  become  partial.  To  this  statement 
spasmodic  asthma,  when  uncomplicated  by  permanent  and 
advanced  changes  in  the  right  ventricle,  offers  an  exception,  for 
though  the  patient  is  completely  orthopnoeic  during  attacks, 
in  the  intervals  he  is  commonly  able  to  adopt  a  normal  hori- 
zontal position  when  in  bed.  (4)  Speaking  generally,  the 
angle  with  the  horizontal  plane  assumed  by  the  patient  approxi- 
mates more  to  a  right  angle  as  the  degree  of  dyspnoea  is  greater. 
Hence  follows  the  corollary,  that,  as  a  general  rule,  patients  in 
whom  the  orthopncea  is  partial,  suffer  no  respiratory  distress 
(though  they  may  still  be  tachypnoeic)  when  resting  at  the 
particular  angle  which  they  assume;  for  if  at  this  particular 
angle  they  experienced  distress,  they  would  assume  a  more  nearly 
perpendicular  position.  In  the  case  of  complete  orthopnoea  there 
may  not  be  respiratory  distress,  but  usually  distress  is  great. 

The  pathology  of  orthopnoea  is  greatly  obscured  by  the  fact 
that,  in  the  majority  of  cases,  both  heart  and  lungs  are  involved, 
so  that  it  becomes  difficult  to  decide  whether  the  dyspnoea  is 
primarily  of  cardiac  or  primarily  of  pulmonary  origin.  It  is 
my  opinion  that,  in  the  large  majority  of  cases,  the  actual  onset 
of  orthopnoea  is  accompanied  by  a  sudden  dilatation  of  the 
right  ventricle,  whether  that  depends  upon  antecedent  pulmon- 
ary conditions  or  no.  In  favour  of  this  view  are  the  observa- 
tions that  the  onset  of  orthopnoea  is  markedly  sudden,  and 
that  in  nearly  80  per  cent,  of  my  cases  in  which  an  autopsy  was 

1  In  my  cases  the  proportion  of  those  with  sudden  onset  to  those  with  gradual 
onset  was  7:1. 

2  In  my  cases  the  proportion  of  those  beginning  as  complete  to  those  beginning 
as  partial  was  2:1. 

3  In  only  five  of  my  cases  did  an  orthopncea  recede. 
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made  (twenty- two  cases),  the  right  ventricle  was  found  greatly 
dilated,  while  in  a  similar  percentage  of  cases  examined  only 
during  life,  cardiac  dulness  was  extended  to  the  right  of  its 
normal  limits. 

But,  as  might  be  expected,  it  is  exactly  in  patients  with  dila- 
tation of  the  right  ventricle  that  one  meets  with  oedema  of  the 
lungs,  hydrothorax,  pulmonary  collapse,  etc.,  and  it  is  impossible 
to  decide  the  extent  to  which  these  conditions  are  responsible 
for  the  orthopncea.  Nevertheless,  cases  of  pulmonary  embolism 
are  extremely  important  in  this  connection,  for  in  them  the 
cardiac  condition  is  clearly  one  of  acute  dilatation  of  the  right 
ventricle,  and  there  is  no  question  that  the  orthopncea  is  of 
cardiac  and  not  of  pulmonary  origin.  In  the  opposite  direction 
croupous  pneumonia  is  equally  important,  for  here  there  is  no 
orthopncea,  and  the  right  heart  is  not  acutely  dilated. 

But  though  I  think  that  orthopncea  is  generally  an  indica- 
tion of  a  sudden  dilatation  of  the  right  ventricle,  some  cases  are 
certainly  not  susceptible  of  this  explanation.  For  in  a  small 
percentage  of  cases,  evidence  of  cardiac  enlargement  is  completely 
wanting.  It  appears  certain,  however,  that  for  the  occurrence  of 
orthopncea,  cardiac  action  must,  in  some  way  or  other,  be  impeded  ; 
pulmonary  and  other  diseases,  in  which  the  heart  is  not  involved 
secondarily  and  considerably,  are  not  accompanied  by  orthopncea. 

Perhaps  the  most  curious  feature  of  orthopncea  is  the  posture 
itself.  In  all  diseases  accompanied  by  pain  or  distress,  excepting 
those  leading  to  orthopncea,  the  patient  commonly  experiences 
most  relief  when  lying  down,  and  sitting  up  is  a  sign  of  convales- 
cence. But  here  the  exact  converse  is  the  case.  That  the 
orthopnoeic  patient  sits  up  because  he  experiences  most  relief 
in  that  position  is  a  truism,  but  it  is  not  quite  easy  to  deter- 
mine how  this  position  gives  him  relief.  Probably  it  does  so,  in 
part,  by  lessening  upward  pressure  of  the  abdominal  viscera  on 
the  diaphragm,  in  part,  because  the  action  of  gravity  on  the 
circulation,  as  pointed  out  by  Hill,  tends  in  the  "  feet-down " 
position  to  empty  the  heart,  and  therefore  to  relieve  cardiac  dis- 
tension, and  in  part,  because  the  shoulders  are  thrown  back 
when  taking  a  deep  inspiration,  and  this  action  is  less  impeded 
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in  the  upright  position  than  in  the  horizontal  position.  Unfor- 
tunately, however,  one  has  to  confess  that  the  pathology  of 
orthopnoea  is  still  almost  a  mystery. 

VII.  Cheyne-Stokes  Respiration.—- The  peculiar  respira- 
tory modification,  known  by  the  names  of  Cheyne  and  Stokes, 
consists  in  a  periodic  waxing  and  waning  of  respiration.  The 
cycle  commences  with  infrequent  and  almost  imperceptible 
respirations,  which  gradually  become  deeper  and  more  rapid, 
until  there  is  produced  a  condition  of  positive  dyspnoea  with 
very  hurried  and  deep  breathing;  this,  in  its  turn,  gradually 
gives  place  to  shallow  and  infrequent  movements,  ending  in  a 
complete  pause.  The  duration  of  the  ascending  and  descending 
phases  is  about  the  same,  and  the  whole  cycle  is  repeated  about 
three  times  a  minute. 

Under  pathological  conditions,  Cheyne-Stokes  breathing  may 
show  itself  in  almost  any  disease  of  severity,  but  it  is  perhaps 
most  commonly  associated  with  diseases  of  the  kidney.  In 
adults  it  is  always  a  grave  sign,  though  it  is  not  invariably  a 
precursor  of  death ;  in  children,  its  prognostic  importance  is 
far  less.  The  rhythm  may  show  itself  several  days  before  death 
in  fatal  cases. 

It  is  impossible  to  discuss  the  pathology  of  Cheyne-Stokes 
respiration  at  any  length,  but  it  is  necessary  to  remember  that 
the  respiratory  phenomenon  is  only  the  most  prominent  of  a 
whole  series  of  periodic  phenomena  which  may  show  themselves 
at  the  same  time  in  the  same  patient,  and  are  undoubtedly 
closely  allied.  The  other  phenomena  to  which  reference  is 
made,  are  periodic  variations,  in  the  size  of  the  pupils,  in  size  of 
the  pulse,  in  blood-pressure,  and  in  consciousness.  The  true 
explanation  of  Cheyne-Stokes  breathing  must  explain  these 
phenomena  also. 

At  the  outset,  it  may  be  said  that  no  fully  satisfactory  expla- 
nation of  Cheyne-Stokes  breathing,  and  the  other  periodic  phe- 
nomena that  may  accompany  it,  has  been  given.  Gibson,  whose 
admirable  monograph  on  the  subject  is  the  latest  and  fullest, 
divides  the  explanations  that  have  been  given  into  three  groups: 
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(1)  earlier  and  vague  explanations,  (2)  those  which  regarded  the 
phenomenon  as  dependent  upon  variations  in  extrinsic  stimuli 
received  by  the  respiratory  centre,  (3)  those  which  regard  the 
phenomenon  as  dependent  upon  the  intrinsic  nutritive  condition 
of  the  respiratory  centre. 

The  first  group  needs  no  discussion.  The  earliest  attempt  at 
an  explanation  of  the  second  kind  was  that  of  Little,  who  sug- 
gested that  the  two  sides  of  the  heart  do  not  contract  simul- 
taneously or  with  equal  force,  and  that  the  left  ventricle 
is  the  more  affected;  as  a  result  he  supposed  that  the  blood 
received  by  the  bulb  varied  periodically  in  its  degree  of 
oxygenation. 

Little's  theory  was  followed  by  the  renowned  theory  of  Traube, 
who  considered  that  the  respiratory  centre  may  be  stimulated 
in  two  ways :  (1)  by  way  of  the  terminations  of  the  vagus  in 
the  pulmonary  blood-vessels,  which  are  readily  stimulated,  are 
normally  bathed  with  venous  blood,  and  produce  shallow  respira- 
tions ;  (2)  by  way  of  the  ordinary  afferent  nerves  of  the  body, 
which  are  not  normally  bathed  by  venous  blood,  but  which, 
when  they  are  so  bathed,  cause  dyspnoeic  respirations.  He 
therefore  explained  the  Cheyne- Stokes  rhythm  by  supposing  that 
the  early  and  late  respirations  of  the  cycle  are  called  forth  by 
way  of  the  pneumogastric  nerve,  the  dyspnoeic  respirations  of 
the  middle  of  the  cycle  called  forth  by  way  of  the  ordinary 
nerves  of  the  body.  That  the  latter  nerves  played  any  part  at 
all,  he  ascribed  to  a  lessened  irritability  of  the  respiratory  centre, 
which  depended  upon  the  cardiac  or  other  change  underlying  the 
whole  phenomenon,  and  owing  to  which  a  greater  amount  of  C02 
than  normal  accumulated  in  the  blood  before  it  sufficed  to  call 
forth  respiratory  movements  at  all.  The  pause  he  ascribed  to  a 
temporary  hyper- oxygenation  of  the  blood  as  the  result  of  the 
dyspnoeic  respiration.  This  ingenious  hypothesis  Traube  subse- 
quently modified  as  the  result  of  Filehne's  criticism,  and  ulti- 
mately he  ascribed  the  phenomenon  to  a  rhythmic  periodicity 
of  the  respiratory  centre  and  its  exhaustion  during  the  phase 
of  dyspnoeic  breathing.  This  modified  explanation  is,  however, 
unsatisfactory  in  that  it  does  not  account  for  the  early  or 
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ascending  portion  of  the  cycle,  and  gives  no  valid  reason  for 
commencement  of  the  periodicity  itself. 

Filehne's  hypothesis,  which,  in  its  original  or  in  a  modified 
form,  has  claimed  as  many  adherents  as  that  of  Traube,  was  that, 
in  health,  venous  blood  excites  first  the  respiratory  centre,  then 
the  vaso-motor  centre,  and  last  of  all  the  convulsive  centres.  He 
supposed  that  in  cases  where  the  Cheyne-Stokes  breathing  is 
present,  the  irritability  of  the  respiratory  centre  is  lessened,  so 
that  it  fails  to  respond  as  normal  to  a  venosity  of  the  blood ; 
this  accounts  for  the  pause  in  respiration.  But  the  amount  of 
C02  in  the  blood  increases  until  it  calls  forth  activity  of  the 
vaso-motor  centre,  which  causes  vaso-constriction  and  diminishes 
the  amount  of  blood  received  by  the  respiratory  centre  to  so  great 
an  extent  that  now  the  combined  stimulus  is  sufficient  to  call  forth 
respiratory  movements.  The  blood,  however,  which  is  arterial- 
ised  by  these  respirations,  does  not  reach  the  respiratory  and 
vaso-motor  centres  for  some  time,  and  -  in  the  interval  the  ven- 
osity of  the  blood  generally  has  increased  to  such  an  extent  that 
it  calls  forth  dyspnoeic  respirations  even  from  the  enfeebled 
respiratory  centre.  Not  only  is  this  explanation  highly  compli- 
cated, but  also  it  rests  on  the  insecure  basis  that  it  presupposes 
vaso-constriction  as  a  preliminary  to  the  respiratory  phenom- 
enon. There  is  ample  evidence  that  this  assumption  is  unjusti- 
fiable. 

The  third  group  into  which  Gibson  divides  the  explanations 
of  Cheyne-Stokes  respiration  is  that  which  supposes  that  the 
phenomenon  depends  upon  intrinsic  and  periodic  changes  in  the 
respiratory  centre  itself.  An  opinion  of  this  kind  is  the  one 
generally  held  at  the  present  day.  Luciani  noted  that  the  beats 
of  the  frog's  heart  often  show  a  periodic  grouping,  and  he  endea- 
voured to  associate  the  cardiac  and  the  respiratory  phenomena  ; 
he  regarded  the  different  forms  of  rhythm  constituting  the 
Cheyne-Stokes  phenomenon  as  due  to  automatic  oscillations  in 
excitability  of  the  centre  itself.  Rosenbach's  explanation  was 
closely  similar  in  that  he  regarded  the  periodic  breathing  as  an 
expression  of  the  alternation  of  activity  and  repose  characteristic 
of  all  kinds  of  living  matter. 
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But  it  is  by  no  means  certain  that  extrinsic  stimuli  can  be 
disregarded.  Marckwald,  from  a  long  series  of  investigations,  has 
concluded  that  periodic  breathing  can  only  manifest  itself  when 
some  of  the  higher  brain  tracts  have  ceased  to  exert  their  normal 
influence  on  the  respiratory  tract;  this  he  showed  by  making 
sections  of  the  medulla  oblongata  at  different  levels  above  the 
respiratory  centre.  In  this  connection  the  fact  is  important  that 
periodic  breathing  is  often  seen  during  hibernation  of  lower 
animals,  and  after  administration  of  chloral,  morphia,  ether, 
chloroform,  etc.  Gad  has  shown, .  by  simultaneous  tracings  of 
arterial  pressure  and  respiratory  movements,  that  Traube-Hering 
curves  go  hand-in-hand  with  Cheyne-Stokes  breathing.  And 
Lombard,  in  a  highly  interesting  series  of  experiments,  has  shown 
that,  when  volition  is  brought  to  bear  upon  a  centre  for  muscular 
movement  that  is  fatigued,  the  movements  produced  show  a 
periodicity.  He  found  that  if  the  finger  be  voluntarily  contracted, 
the  excursions  that  it  makes  progressively  become  smaller  and 
less  frequent,  until  after  a  time,  however  great  the  effort  of  voli- 
tion, no  contraction  occurs  at  all.  If  efforts  are  still  made  to 
bend  the  finger,  contractions  gradually  reappear,  become  as 
forcible  as  at  first  (or  even  more  forcible),  gradually  disappear, 
to  again  appear  and  carry  on  the  same  cycle.  The  similarity  to 
the  Cheyne-Stokes  rhythm  is  therefore  very  great. 

It  appears,  then,  that  when  a  nerve  centre  is  fatigued,  or  when 
its  vitality  is  lowered,  its  action  tends  to  become  periodic.  Prob- 
ably Cheyne-Stokes  breathing  is  one  amongst  many  examples  of 
this  statement,  and  it  is  important  to  note  in  this  connection 
that  Pembrey  maintains  that  Cheyne-Stokes  breathing  is  normal 
in  hibernating  animals  during  their  winter  sleep.  But  it  is  also 
probable  that  the  whole  explanation  is  not  exclusively  bound  up 
with  the  nutritive  condition  of  the  respiratory  centre  alone ; 
there  are  reasons  for  believing  that  modification  of  the  extrinsic 
stimuli  normally  received  by  that  centre,  also  play  a  part  in 
causing  the  phenomenon. 
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Electric  Shock. 


In  the  present  chapter  brief  space  is  accorded  to  certain  condi- 
tions of  interest  for  which  suitable  places  could  not  conveniently 
be  made  elsewhere. 

I.  "Ptomaine-Poisoning." — The  class  of  case  to  which  the 
name  "  ptomaine-poisoning  "  is  given,  is  at  the  present  time  very 
ill-defined,  but  it  has  gained  somewhat  in  precision  during  the 
past  few  years.  Originally,  as  its  name  implies,  the  term  was 
used  to  indicate  conditions  in  which  symptoms  of  poisoning 
supervened  as  the  result  of  ingesting  substances  formed  during 
putrefaction  of  cadavera.  Selmi,  and  following  him,  Brieger, 
endeavoured  to  give  it  greater  precision  by  studying  the  chemical 
constitutions  and  the  physiological  actions  of  the  products  of 
decomposition  of  proteids.  As  a  result  of  this  work  many 
cadaveric  amines  and  alkaloids  were  isolated,  some  of  which  were 
harmless,  others  intensely  poisonous,  and  "  ptomaine -poisoning  " 
came  to  be  looked  upon  as  a  special  form  of  poisoning  by  chemi- 
cal substances. 

This  view,  however,  was  shown  to  be  too  narrow,  for  it  was 
found,  with  the  progress  of  bacteriology,  that  in  some  cases  of 
ptomaine-poisoning,  symptoms  come  on  immediately,  or  very 
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shortly  after  ingestion  of  the  inculpated  food,  whereas  in  other 
cases  there  intervenes  a  distinct  interval  of  24-48  hours.  Since 
in  these  latter  cases  special  bacteria  are  often  to  be  found  in  the 
article  of  diet  and  sometimes  in  the  blood  or  excretions  of  the  sick 
person,  we  must  regard  this  form  of  "  ptomaine-poisoning "  as 
being  due  to  a  distinct  infection,  and  the  interval  which  elapses 
between  ingestion  of  the  food  and  appearance  of  the  symptoms 
as  a  distinct  "  period  of  incubation." 

Food-poisoning  of  the  description  now  under  discussion  was 
therefore  seen  to  be  of  two  kinds  :  (1)  that  due  to  the  action  of 
a  chemical  substance  formed  during  putrefaction  outside  the 
body;  (2)  that  due  to  a  definite  infection  by  a  pathogenetic  micro- 
organism present  in  the  putrefying  food.  To  these,  Sidney  Martin 
— in  deference  to  clinical  usage — adds  a  third  kind  of  "  ptomaine- 
poisoning,"  viz.,  that  due  to  absorption  of  poisonous  substances 
formed  during  putrefaction  of  food  in  the  intestine. 

In  cases  where  poisoning  is  due  definitely  to  some  chemical 
substance,  the  period  which  elapses  between  ingestion  of  the  food 
and  appearance  of  symptoms  does  not  generally  extend  beyond 
two  or  three  hours.  But  this  does  not  seem  to  be  an  invariable 
rule  even  in  the  case  of  a  chemical  substance  ;  sometimes 
symptoms  do  not  supervene  for  twenty-four  hours  or  more. 
Analogous  examples  are  known  in  certain  other  directions. 
Thus,  after  injection  of  anti-diphtheritic  serum,  the  sterility  of 
which  is  undoubted,  joint  pains,  urticarial  rashes,  etc.,  in  those 
cases  in  which  they  occur,  may  not  supervene  until  perhaps  a 
week  after  the  subcutaneous  injection  has  been  given.  Concern- 
ing the  "  incubation  period  of  chemical  poisons,"  however,  nothing 
is  known  at  present,  though  it  is  obviously  a  subject  of  great 
importance. 

In  connection  with  ptomaine-poisoning  many  facts  have  been 
recorded,  the  explanation  of  which  is  very  difficult.  Thus  it  is 
not  infrequently  found  that  a  given  article  of  food  has  been  a 
source  of  danger  for  only  a  limited  period.  A  marked  example 
of  this  kind  is  given  by  Brouardel  in  his  work  on  Death  and, 
Sudden  Death.  Brouardel  is  inclined  to  associate  the  fact  with 
the  different  stages  of  putrefaction,  that  is,  with  the  question 


764 


APPENDIX. 


whether  the  putrefactive  substances  have  been  formed  early,  and 
by  aerobic  bacteria,  or  late,  and  by  anaerobic  bacteria.  So  also 
it  is  remarkable  that  ptomaine-poisoning  is,  in  a  very  large 
majority  of  cases,  associated  with  consumption  of  pig  meat. 
Ballard  suggests  that  this  may  depend  upon  the  large  amount  of 
gelatine  formed  during  the  cooking  of  pig  meat,  and  the  especial 
suitability,  therefore,  of  pig  meat  as  a  culture-medium  for  bacteria  ; 
this  explanation  Martin  considers  is  highly  probable.  In  the 
majority  of  cases,  foods  which  cause  ptomaine-poisoning  are  not 
obviously  in  a  state  of  decomposition  ;  as  a  rule,  indeed,  they  are 
normal  in  appearance  and  in  smell. 

II.  Life  under  Aseptic  Conditions.— The  question  how 
far  the  myriads  of  bacteria  inhabiting  the  intestinal  tract  of 
an  individual  are  conducive  to  his  welfare,  became  a  subject 
of  interest  directly  it  was  recognised  that  the  actions  of  bacteria 
are  not  wholly  detrimental,  and  that  by  their  aid  the  complex 
proteid  molecule  is  readily  split  up.  The  special  form  which 
this  question  took  at  the  commencement  was,  How  far  is  the 
digestion  of  food  in  the  alimentary  tract  carried  out  by  bacteria  ? 
Some  authors  even  went  so  far  as  to  suggest  that  all  the  katabolic 
changes  in  the  intestine  are  due  to  bacteria,  so  that,  in  their 
absence,  life  would  be  impossible. 

It  is  manifest  that  the  difficulties  in  the  way  of  deciding 
this  question  are  enormous.  One  of  the  earliest  attempts  at 
its  solution  was  made  by  Baumann,  who  endeavoured  to  dis- 
infect the  intestinal  contents  of  a  dog  by  repeated  administra- 
tion of  small  doses  of  corrosive  sublimate.  As  might  be  expected, 
his  success  was  partial  only ;  nevertheless,  he  was  able  to  come 
to  the  conclusion  that  certain  of  the  constituents  of  the  urine  are 
due  to  putrefactive  changes  in  the  intestine.  To  this  source  he 
ascribed  the  acid  sulpho-compounds  and  the  hippuric  acid ;  the 
aromatic  oxy-acids  he  regarded  as  being  derived  from  the  physio- 
logical life  of  the  tissues. 

But  the  only  possible  way  in  which  the  question  could  satis- 
factorily be  approached  was  adopted  by  Nuttall  and  Thierfelder. 
These  investigators  reared  guinea-pigs  from  birth  under  com- 
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pletely  aseptic  conditions.  At  the  end  of  pregnancy  they 
performed  aseptic  Caesarian  section,  received  the  newly-born 
animals  into  a  sterile  chamber,  supplied  them  with  sterile  air,  fed 
them  upon  sterile  milk  and  biscuit,  and  at  the  end  of  the  experi- 
ment proved  the  existence  of  a  perfect  asepsis  by  cultural 
methods.  They  found  that  animals  can  grow  under  aseptic 
conditions,  though  perhaps  not  so  rapidly  as  under  normal 
conditions ;  this,  however,  might  fairly  be  expected  to  depend,  in 
whole  or  in  large  part,  upon  conditions  other  than  the  presence 
or  absence  of  bacteria.  In  the  urine  of  the  guinea-pigs  aromatic 
oxy-acids  were  present ;  these  bodies — as  was  held  by  Baumann — 
can  therefore  be  formed  independently  of  putrefaction.  On  the 
other  hand,  phenol,  cresol,  indol,  skatol,  and  pyrocatechin, 
substances  which  are  present  in  the  faeces  of  animals  living 
under  ordinary  conditions,  were  completely  absent  from  the 
fasces  of  the  aseptic  guinea-pigs.  These  substances  must  there- 
fore be  regarded  as  by-products  of  proteid  putrefaction. 

Nevertheless,  the  question,  whether  that  disintegration  of  the 
proteid  molecule  which  is  brought  about  by  bacteria  in  the 
alimentary  canal,  is  an  aid  to  the  economy,  is  still  unanswered. 
The  fact  that  many  infants,  who  fail  to  gain  weight  when  fed 
with  sterilised  milk,  commence  to  improve  directly  they  are  given 
unsterilised  milk,  is  noteworthy  in  this  connection. 

III.  Fragmentation  of  the  Heart. — Concerning  this  con- 
dition but  little  is  known  ;  it  is  even  doubtful  whether  it  is,  or 
is  not,  a  post-mortem  change.  The  condition  shows  itself  macro- 
scopically  by  a  peculiar  friability  of  the  myocardium.  The  heart 
wall  is  thin,  pale,  friable,  and  with  the  back  of  the  knife  one  can 
easily  scrape  from  a  cut  surface  a  mass  which,  microscopically,  is 
seen  to  consist  of  muscle-cells,  red  blood-corpuscles,  and  a  little 
connective  tissue.  The  muscle-cells  are  very  little  altered,  and 
apparently  the  change  is  essentially  one  of  the  connective  tissue. 

The  change  was  incidentally  described  by  Coats  in  1872,  and 
since  that  time  it  has  received  attention  from  Eenaut  and 
Landouzy,  Browicz,  Tedeschi,  and  others.  It  is  apparently 
associated  most  commonly  with  cardiac  dilatation  and  failure, 
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and  is  important  in  that  it  is  frequently  found  in  cases  of  sudden 
death  in  which  no  other  cause  can  be  inculpated.  Thus  Tedeschi 
found  that  of  seven  cases  of  sudden  death,  none  of  which  showed 
any  other  possible  cause,  six  showed  fragmentation  of  the 
heart ;  in  numerous  other  cases  of  sudden  death  from  accident, 
suicide,  and  murder,  it  was  very  rarely  observed.  Tedeschi,  who 
is  strongly  of  opinion  that  the  condition  is  not  due  to  post- 
mortem change,  found  it  most  commonly  in  cases  of  infective 
disease  and  of  acute  and  chronic  disease  of  the  central  nervous 
system.  Eenaut  and  Landouzy  observed  that  it  occurs  par- 
ticularly in  sudden  death  from  cardiac  causes,  and  after  acute 
infective  disorders.  Besides  the  conditions  mentioned,  fragmenta- 
tion of  the  heart  has  been  found  after  death  from  acute  nephritis 
(Eenaut  and  Landouzy),  angina  pectoris  ((Estreich1),  after  death 
preceded  by  a  long  death  agony  (Browicz),  and  after  death 
occurring  four  days  after  laparotomy,  and  perhaps  due  to  after- 
effects of  chloroform-inhalation  (Ambrosius). 

In  spite  of  numerous  attempts  on  different  mammals,  Tedeschi 
was  unable  to  produce  the  change  experimentally,  except,  perhaps, 
after  he  had  severed  the  vagus,  and  in  the  neighbourhood  of 
the  lesion  produced  by  application  of  a  red-hot  needle  to  the 
myocardium. 

IY.  On  Death  from  Certain  Causes.— (i.)  Death  after 
Extensive  Superficial  Burns. — In  cases  of  burns  and  scalds, 
when  one-third  or  more  of  the  body  has  been  involved,  death 
almost  always  supervenes,  even  though  the  skin  may  have  been 
merely  reddened.  In  this  respect  there  is  the  greatest  contrast 
between  the  effects  of  burns  and  those  of  inflammatory  infections, 
such  as  eczema  and  other  forms  of  dermatitis,  which  are  by  no 
means  necessarily  fatal,  though  they  affect  an  equal,  or  even  a 
greater,  surface. 

The  constitutional  effects  of  extensive  superficial  burns  and 
scalds,  as  determined  on  lower  animals,  consist  in  fall  of  general 
blood-pressure  and  of  body  temperature,  restlessness,  superficial 
and  irregular  breathing,  a  tendency  to  coma,  weakness  of  pulse, 

1  See  p.  82. 
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together  with,  perhaps,  hematuria  or  hemoglobinuria,  and 
bloody  diarrhoea.  The  part  of  the  body  affected  has  a  marked 
influence  upon  the  severity  of  the  symptoms  produced;  for 
instance,  in  the  rabbit,  the  constitutional  disturbance  produced 
by  scalding  the  ear  is  much  greater  than  that  produced  by  a 
scald  of  the  same  severity  and  extent  affecting  the  hind  limb. 
In  man  the  effects  of  burns  and  scalds  are  very  similar  to  those 
observed  in  lower  animals. 

Many  suggestions  have  been  put  forward  to  explain  the 
peculiarly  severe  effects  of  burns  and  scalds.  They  may  be 
divided  into  groups  according  as  the  essential  cause  was  supposed 
to  be  (1)  failure  of  cutaneous  perspiration  (Follin),  (2)  formation 
of  a  special  poisonous  substance  in  the  blood  (Billroth),  (3) 
changes  in  the  formed  elements  of  the  blood  (Max  Schultze, 
Wertheim  and  Ponfick,  Welti,  Silbermann,  Lesser,  Salvioli),  (4) 
reflex  nervous  changes  induced  in  the  heart  and  blood-vessels 
(Falk,  Sonnenburg,  Fischer),  (5)  inhibition  of  tissue  exchange 
(Brown-Sequard),  (6)  shock,  which  most  English  authors  regard 
as  the  real  cause  of  death,  and  which  many  foreign  authors  {e.g., 
Sonnenburg,  Kijanitzin)  allow  plays  a  part  in  bringing  about  the 
final  result. 

Speaking  broadly,  we  may  therefore  say  that  death  after  super- 
ficial burns  and  scalds  is  by  most  authors  ascribed  either  to 
shock,  or  to  a  direct  poisoning  by  some  substance  formed  as  the 
result  of  changes  undergone  by  the  tissue-  and  blood-cells 
destroyed  in  the  area  affected,  or  to  a  combination  of  these  two 
conditions. 

With  regard  to  shock,  sufficient  has  already  been  said  in 
Chapter  XI.  to  indicate  that  the  symptoms  of  shock  and  collapse 
are  closely  similar  to  those  observed  after  extensive  superficial 
burns,  and  there  seems  no  doubt  that  a  very  considerable  propor- 
tion— if  not  the  whole — of  the  symptoms,  including  death,  are 
explicable  on  the  assumption  that  they  are  due  to  shock  when 
death  supervenes  early,  to  shock  and  collapse  when  death  super- 
venes later. 

But  it  is  not  impossible  that  some  definitely  poisonous  sub- 
stance may  take  a  part  in  inducing  the  shock  and  collapse. 
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Lustgarten  likens  the  symptoms  after  burns  to  those  seen  in 
poisoning  by  trimethylamine,  muscarin,  and  other  poisons,  and 
thinks  they  are  produced  by  a  "ptomaine."  Kijanitzin  examined 
the  blood  chemically,  and  asserts  that  he  separated  such  a 
ptomaine  from  the  blood  of  dogs  and  rabbits  that  lived  a  short 
time  after  exposure  to  heat.  In  the  case  of  less  extensive  burns 
and  scalds  involving  the  true  skin,  there  can  be  little  doubt  that, 
before  granulations  have  been  formed,  absorption  of  toxic 
substances  of  bacterial  origin — a  kind  of  sapraemia — plays  a  con- 
siderable part  in  producing  the  febrile  and  other  symptoms 
observed ;  the  raw  surfaces  exude  considerable  quantities  of  fluid 
in  which  micro-organisms  can  easily  multiply. 

(ii.)  Death  by  Drowning. — Death  by  drowning  has  been 
investigated  on  dogs  by  Brouardel  and  Loye,  and  it  is  chiefly 
from  their  papers  on  the  subject  that  the  following  statements 
are  taken. 

Brouardel  and  Loye  divide  the  period  elapsing  between  im- 
mersion and  death — about  three  and  a  half  minutes — into  five 
phases:  (1)  the  phase  of  surprise  (ten  sees.),  (2)  the  phase  of 
arrested  respiration  (one  inin.),  (3)  the  phase  of  deep  inspirations 
(one  min.),  (4)  the  second  phase  of  arrested  respiration  (one 
min.),  (5)  the  terminal  phase,  in  which  there  are  a  few  respira- 
tory movements  (thirty  sees.). 

Of  these  phases  the  second  is  of  the  utmost  importance,  for 
though  during  it  there  are  respiratory  movements,  no  water  enters 
the  lungs.  This  does  not  depend  upon  closure  of  the  glottis,  but 
is  due  to  immobility  of  the  thorax  brought  about  by  reflex 
stimulation  of  the  mucous  membrane  of  nose,  mouth,  pharynx, 
larynx,  and  trachea  by  the  water.  The  second  phase  is  further 
of  importance,  in  that  during  it  syncope  may  occur.  This 
syncope  may  be  permanent,  and  therefore  fatal,  but  it  probably 
also  explains  all  cases  in  which  recovery  takes  place  after 
immersion  for  more  than  one  minute  or  a  little  over.  The 
reason  of  this  is  that  syncope  prolongs  the  second  phase  during 
which  water  fails  to  enter  the  lungs ;  once  water  has  entered  the 
lungs  with  inspirations  of  the  third  phase,  recovery  is  probably 
impossible. 
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The  curve  given  by  the  general  blood-pressure  in  drowning  is 
practically  identical  with  that  seen  in  asphyxia.  Indeed,  the 
general  symptoms  throughout  as  to  convulsions,  state  of  pupils, 
insensibility,  etc.,  are  closely  similar  in  the  two  cases.  It  must 
be  noted,  however,  (1)  that  a  drowning  animal  lives  about  half  a 
minute  less  than  an  animal  in  asphyxia,  owing  to  the  fact  that 
during  the  early  phases  of  drowning,  air  is  expelled  from  the 
lungs  which  contains  a  certain  amount  of  oxygen,  whereas  this 
is  not  the  case  when  the  trachea  is  obstructed ;  (2)  that,  in 
drowning,  breathing  is  chiefly  diaphragmatic,  in  asphyxia,  chiefly 
costal ;  (3)  that  the  animal  in  asphyxia  endeavours  to  obtain  the 
oxygen  it  needs,  the  drowning  animal  endeavours  to  prevent 
entry  of  water  into  its  lungs. 

(iii.)  Death  from  Thirst. — Death  from  thirst,  unlike  death 
after  burns  and  by  drowning,  is  rarely  seen ;  but  it  presents 
certain  interesting  points  from  a  theoretical  point  of  view. 
Judging  from  the  fact  that  in  this  form  of  death  the  fluid  which 
is  constantly  being  given  off  by  the  lungs  and  skin  is  not 
replaced,  one  might  expect  to  find  that  a  condition  akin  to 
collapse  is  produced  in  which  the  tissues  are  dry  and  of  high 
specific  gravity,  and  the  blood  is  also  of  high  specific  gravity 
and  of  tarry  consistency.  So  far  as  the  specific  gravity  of  blood 
and  of  tissues  in  death  from  thirst  is  concerned,  I  am  not  aware 
that  any  observations  have  been  made,  but  stories  of  ship- 
wreck and  of  travellers  who  have  been  lost  in  the  desert,  and 
the  direct  experiments  of  Longet,  of  Pernice  and  Scagliosi,  and 
others,  leave  no  doubt  as  to  the  thickness  of  the  blood  and  the 
dryness  of  the  tissues. 

But  the  symptoms  yielded  by  an  animal  deprived  of  water 
are,  in  many  respects,  unlike  those  of  collapse,  for  he  is  more 
likely  to  become  maniacal  than  comatose — except  when  he  is 
moribund.  Tiedemann,  describing  the  symptoms  in  travellers 
lost  in  the  desert,  speaks  of  dryness  and  burning  pain  in  the 
throat,  loss  of  voice  and  difficulty  of  speaking,  rapidity  of  respi- 
ration and  of  pulse,  conjunctival  haemorrhages,  burning  skin,  loss 
of  muscular  power  and  of  consciousness,  and  mania.  Pernice 

and  Scagliosi,  too,  noted  the  symptoms  just  mentioned  in  a  dog 
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and  three  fowls  that  were  deprived  of  water.  After  death,  they 
found  great  congestion  of  the  brain  and  spinal  cord,  together 
with  atrophy  of  ganglion  cells,  degenerative  changes  in  the 
medullated  nerves,  and  proliferation  of  the  neuroglia  cells.  On 
the  whole,  their  description  agrees  with  that  of  Longet,  who  con- 
sidered that  "  thirst  kills  like  an  inflammatory  disease,"  for  in 
the  abdominal  organs  they  found  many  foci  of  inflammation  and 
of  gangrene  besides  the  thickness  of  blood  and  dryness  of  tissues 
already  mentioned. 

An  animal  deprived  of  water  does  not  live  so  long  as  one 
deprived  of  food  alone.  Thus  Succi,  the  fasting  man,  lived  40 
days  without  food,  but  according  to  Longet  an  animal  deprived 
of  water  lives  3-4  days  only,  according  to  Birch-Hirschfeld, 
6-12  days  only.  The  dog  which  was  the  subject  of  Pernice  and 
Scagliosi's  experiment  lived  11  days.  No  doubt  the  actual  length 
of  time  before  death  supervenes  in  these  cases  depends  largely 
upon  the  temperature  of  the  external  air. 

(iv.)  Death  by  Lightning. — Though  deaths  by  lightning 
are,  unfortunately,  not  very  infrequent  even  in  England,  little 
or  nothing  is  known  as  to  the  processes  whereby  death  in  these 
cases  is  brought  about.  The  actual  effects  of  lightning  as  it 
passes  to  earth  through  the  body  of  a  man  vary  within  a  very 
wide  range.  The  individual  may  be  killed  outright,  and  may 
present  neither  symptoms  nor  signs  of  injury.  As  a  rule,  how- 
ever, the  body  shows  more  or  less  marked  signs  of  the  violence 
with  which  it  has  been  attacked ;  these  may  consist  in  super- 
ficial discolorations  or  burns,  in  haemorrhages,  in  actual  lacera- 
tions of  the  skin  and  deeper  tissues,  and  such  like.  Usually  the 
clothes  of  the  individual  are  torn,  and,  as  in  a  case  which 
occurred  near  Guildford,  and  is  reported  in  the  Lancet}  they  may 
be  scattered  in  shreds  around  the  body  for  a  distance  of  several 
yards.  The  boots,  in  particular,  are  liable  to  suffer,  probably 
because  they  are  in  direct  contact  with  the  earth ;  they  are  often 
burst  open,  the  soles  torn  off,  and  the  nails  driven  out.  When 
the  individual's  clothes  are  dry,  they  offer  a  greater  resistance  to 
passage  of  the  electric  current  than  when  they  are  wet,  and  the 
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damage  which  they  suffer  is  proportionately  greater.  For  the 
same  reason,  it  is  probable  that  if  an  individual  in  dry  clothes 
forms  the  path  for  an  electric  discharge,  he  runs  a  greater  risk 
of  death  than  if  his  clothes  are  wet  Sometimes  death  by  light- 
ning is  preceded  by  profound  shock,  paralyses,  or  convulsions. 

Death  by  electric  shock  has  recently  been  made  the  subject 
of  experiment  by  Oliver  and  Bolam.  These  investigators  exposed 
dogs  and  rabbits  to  the  action  of  an  alternating  electric  current 
(varying  in  potential  from  25  to  290  volts)  for  a  period,  generally, 
of  two  seconds.  They  found  that  with  a  current  of,  roughly 
speaking,  100  volts,  death  is  instantaneous,  respiration  and 
cardiac  action  being  arrested,  the  latter  perhaps  after  a  tempo- 
rary quickening.  But  the  important  point  brought  out  by  the 
experiments  is  that,  in  these  cases,  death  is  the  result  of  arrest  of 
cardiac  action,  and  not  of  respiratory  paralysis.  The  curves  given 
show  conclusively  that  respiration  may  be  resumed  after  the 
circuit  has  been  broken,  though  the  heart  does  not  recommence 
to  beat.  According  to  the  authors,  in  the  dog,  respiration  may 
continue  even  for  "  a  minute  or  two  "  after  the  heart  has  ceased 
to  beat,  and  the  animal  may  bark  loudly.  Primary  arrest  of 
respiration,  with  subsequent  failure  of  heart,  was  never  observed, 
though  simultaneous  arrest  of  the  two  functions  sometimes 
occurred  in  cases  where  a  current  of  very  high  potential  was 
used.  After  death  of  the  animal,  it  was  found  that  the  left 
ventricle  "  may  contain  a  very  small  quantity  of  blood,  while  the 
right  ventricle,  auricle,  and  the  large  veins  near  the  heart  are 
distended  with  dark  fluid  blood."  Such  a  condition  is  exactly 
what  might  be  expected  from  the  experimental  data. 

Lewis  Jones,  who  investigated  the  effects  of  continuous  electrical 
currents  of  high  potential,  obtained  (in  1895)  results  identical,  in 
their  essential  points,  with  those  of  Oliver  and  Bolam. 


[References. 


772 


APPENDIX. 


REFERENCES. 

Ambrosius,  Virch.  Arch.,  vol.  cxxxviii.,  1894,  SuppL,  p.  193. 
Ballard,  cited  by  Martin,  loc.  cit. 
Baumann,  cited  by  Nuttall  and  Thierfelder,  loc.  cit. 
Brouardel,  Death  and  Sudden  Death,  Eng.  trans,  by  Benham,  1897. 
Brouardel  and  Loye,  Arch,  de  Physiol.,  vol.  i.,  1889,  pp.  408,  449, 
578. 

Jones,  Lewis,  Brit.  Med.  Journ.,  1895,  vol.  i. 
Kijanitzin,  Virch.  Arch.,  vol.  cxxxi.,  1893,  p.  436. 
Lustgarten,  Wien.  Med.  Woch.,  1891,  No.  29. 

Martin,  Sidney,  Allbutt's  System  of  Medicine,  vol.  ii.,  Art.  "  Poisoning 
by  Food — Ptomaine-Poisoning." 

Nuttall  and  Thierfelder,  Zeit.  f.  physiol.  Chem.,  vols,  xxi.,  1895,  p. 
109,  and  xxii.,  1896. 

Oliver  and  Bolam,  Brit.  Med.  Journ.,  1898,  vol.  i.  p.  132. 

Pernice  and  Scagliosi,  Virch.  Arch ,  vol.  cxxxix.,  1895,  p.  155. 

Renaut  and  Landouzy,  cited  by  Tedeschi,  loc.  cit. 

Salvioli,  Virch.  Arch.,  vol.  cxxv.,  1891,  p.  364. 

Tedeschi,  ibid.,  vol.  cxxviii.,  1892,  p.  185.  , 


INDEX  OF  AUTHORS. 


A 

Abbott,  680. 

Abelmann,  602  (note),  614. 
Abelous,  690. 
Abraham,  Phineas,  414. 
Ackermann,  543. 

Adami,  68,  89,  151,  370,  490,  543. 

Addison,  527,  688. 

Afanassiew,  154,  543,  675. 

Aievoli,  565. 

Albanese,  690. 

Aldehoff,  626. 

Alessi,  385. 

Alexander,  691  (note). 

Allbutt,  661,  743. 

Ambrosius,  766. 

Andral,  217. 

Andry,  11,  90. 

Arloing,  30. 

Armanni,  620. 

Arnold,  143,  240,  241,  351,  357. 
Aron,  730  (note). 
Aronsohn,  428,  436. 
Arrhenius,  192  (note). 
D'Arsonval,  32,  746. 
Arthus,  140,  624. 
Askanazy,  170. 
Astaschewsky,  652  (note). 


B 

Baldassari,  510. 

Ballance,  347,  351,  356,  358,  564  (note), 

565,  568. 
Ballard,  764. 
Balser,  506. 
Bannatyne,  547. 
Barbucci,  510. 
Bartels,  221. 
De  Bary,  275. 
Bassi,  11. 
Bauer,  512. 
Baumann,  685,  764. 
Batimler,  547  (note). 
Bayliss,  199,  422. 
Beadles,  684. 
Beclere,  684. 


Becker,  327. 

Beddoe,  8. 

Behring,  389,  412. 

Bennett,  Hughes,  169. 

Bernard,  Claude,  2,  334,  422,  428,  622, 

625,  629. 
Bert,  689. 

Bervoets,  117  (note). 
Besson,  397. 
Von  Bezold,  83. 
Biedl,  679. 
Bierfreund,  167,  168. 
Biernacki,  166,  450,  451. 
Billings,  162. 

Billroth,  171,  349,  350,  767. 
Biot,  722. 

Birch-Hirschfeld,  517,  676,  770. 
Bizzozero,  142,  153,  157  (note),  175, 
539. 

Blaxall,  27,  547. 
Bloch,  276. 
Blunt,  30. 

Boddaert,  221  (note). 
Boer,  34. 
Bohr,  722. 
Bolam,  771. 
Von  Bonsdorf,  507. 
Bordet,  281,  401,  405. 
Bosc,  692. 
Bouchard,  397. 
Bouillard,  217. 
Bowman,  604,  607. 
Boyce,  684. 

Bradford,  Rose,  579,  656. 
Von  Brasol,  201. 
Brault,  551. 
Brieger,  25,  762. 
Brouardel,  763,  768. 
Browicz,  765. 

Brown-Sequard,  483,  658,  688,  693, 

746,  767. 
Brticke,  369. 
Brunner,  680. 

Brunton,  Lauder,  637,  747  (note). 
Buchner,  36,  276,  315,  398,  399,  406, 

407,  408,  412,  414. 
Buschau,  687. 
Busse,  565. 


774  INDEX  OF  AUTHORS. 


c 

Calmette,  389,  412. 
Camus,  249. 
Canalis,  385. 
Canini,  689. 
Cattani,  385. 
Cavazzani,  631. 
Charcot,  543  et  seq. 

Charrin,  32,  385,  392,  397,  500  {note), 
517. 

Chauveau,  402,  508  (note),  623,  633. 
Cheadle,  546. 

Cheyne,  Watson,  394,  397. 
Chiari,  417,  506,  668,  678. 
Clark,  Sir  A.,  231,  639. 
Clouston,  682  (note). 
Coats,  765. 

Cobbett,  23,  38,  393,  478,  484  et  seq., 
495. 

Cohnheim,  3,  83,  84,  85,  90,  111,  129 
(note),  142,  201,  202,  218  et  seq., 
231,  237,  238,  244,  258,  265,  274, 
307,  335,  368,  433,  440,  453,  455, 
465,  470  (note),  490,  506,  513  (note), 
518,  522,  539,  548,  555  et  seq.,  570, 
588,  591,  598,  607,  610,  625,  629, 
632,  649,  653,  715,  734. 

Cohnstein,  188,  209. 

Contejean,  141,  484. 

Copeman,  157  (note),  387,  485,  495. 

Cornevin,  628. 

Cornil,  173  (note),  218. 

Councilman,  315,  317,  344  et  seq. 

Creighton,  357. 

Crosse,  598. 

Curtis,  565. 

Cybulski,  690. 

Cyon,  453. 

Czerny,  519. 

D 

Dana,  437. 
Le  Dantec,  279  (note). 
D'Arcy,  31. 
Dastre,  142,  633. 
Davidsohn,  518. 
Davaine,  11. 
Delezenne,  141. 
Dettmar,  507. 

Dickinson,  W.  Howship,  63,  214,  449, 

454,  516  et  seq.,  631. 
Dickinson,  W.  Lee,  600  (note). 
Dionisi,  162. 
Downes,  30. 
Dubois,  690. 
Duchenne,  531,  541. 
Duclaux,  30. 
Dufourt,  623,  631. 
Dunlop,  669. 

Durham,  275,  278,  282,  417. 
Dzierzgowski,  411. 


E 

Eberth,  142. 
Ebstein,  9,  630,  666,  668. 
Ecker,  691  (note). 
Eckhardt,  537  (note). 
Edmunds,  687. 
Edwards,  Milne,  689. 
Ehlers,  117. 

Ehrlich,  147  et  seq.,  160,  164,  175. 

308,  389,  412,  599,  620. 
Ehrmann,  689. 
Von  Eiselsberg,  683. 
Eisenmann,  369. 
Von  Emmerich,  397. 
Emminghaus,  197,  219,  222. 
Engelmann,  241,  275. 
Ernst,  521. 
Eulenberg,  688. 
Ewald,  305. 

F 

Fabek,  Knitd,  296. 

Fagge,  70,  621,  670. 

Falk,  767. 

Fayrer,  598. 

Feltz,  652. 

Fick,  251,  431. 

Filehne,  463,  465,  473,  758. 

Fischer,  767. 

Fitz,  734  (note). 

Fletcher,  Morley,  125  (note). 

Floresco,  142. 

Flexner,  507. 

Fodor,  406. 

Follin,  767. 

Francois-Franck,  90,  739. 

Frankel,  44,  268. 

Frankland,  33. 

Fraser,  389. 

Fredericq,  453. 

Frerichs,  652,  676. 

Frey,  689. 

Von  Frey,  84. 

Friedlander,  44,  407. 

Von  Friedlander,  603,  612. 

Friedreich,  531. 

Frisch,  28. 

Furbinger,  604. 

Fusari,  154. 

G 

Gabritchewsky,  276,  624. 
Gad,  760. 
Gaillard,  30. 

Gairdner,  706  (note),  721. 
Gamgee,  673. 
Garrod,  663,  666. 
Garrod,  A.  E.,  214. 
Gaskell,  124,  747. 
Gaule,  513,  689. 
Gautier,  508  (note). 


INDEX  OF  AUTHORS.  77o 


Geigel,  444,  445,  464,  468. 
Gerhardt,  543. 
Gibson,  757,  759. 

Gley,  141,  249,  392,  393,  500  {note), 

684. 
Globig,  27. 
Goldscheider,  276. 
Golgi,  161  (note). 
Goltz,  481. 
Gombault,  543. 
Gottlieb,  464,  690. 
Graham,  188,  208  (note). 
Grandidier,  9  (note). 
Grauer,  33. 

Grawitz,  112,  182,  271,  347,  368,  736. 

Green,  J.  ft.,  140. 

Greenish,  531. 

Greenwood,  279  (note). 

Grijns,  422. 

Griinbaum,  401,  487. 

Guillemaid,  595. 

Guldberg,  192  (note). 

Gull,  97,  682. 

Giirber,  8. 

H 

Haffkine,  387. 

Hahn,  622,  654,  656. 

Haig,  660,  666. 

Haldane,  166,  723,  743,  745. 

Halliburton,  435,  506. 

Hamburger,  193  et  seq.,  201,  207,  221, 

240,  246,  250  et  seq. 
Hamilton,  112,  543. 
Hammarsten,  187. 
Hanau,  562. 

Hankin,  25,  385,  399,  407,  414. 
Hanriot,  509  (note). 
Hansemann,  555,  568  et  seq. 
Hardy,  31,  150,  278,  280. 
Hare,  747. 
Harley,  334. 

Harley,  Vaughan,  602  (note),  614,  621, 

624. 
Harnack,  677. 
Hauser,  570. 
Havilland,  8,  568. 

Hayem,  142,  146,  153,  175  (note),  182. 
Hedon,  626,  633. 

Heidenhain,    198   et  seq.,    209,  222, 

240,  246,  249  et  seq.,  429,  588,  604. 
Heine,  369. 
Heller,  534. 
Helmholtz,  422. 
Hering,  274. 
Hermann,  588. 
Hildebrand,  507. 

Hill,  L.,  132  (note),  422,  747,  748,  756. 
Hoche,  182. 
Van't  Hoff,  191. 
Hoffmann,  335,  473. 
Hugyes,  428  (note). 


Hoover,  424. 
Hoppe-Seyler,  195,  215. 
Horbaczewski,  461. 
Home,  142. 
Horsley,  683. 
Howell,  175, 
Hueppe,  410. 
Hunter,  John,  83,  482. 
Hunter,  W.,  675. 
Hutchison,  685. 

I 

ISSAEFF,  394. 

J 

Jacob,  276. 
Von  Jaksch,  170. 
Janowski,  309  (note),  317. 
Jenner,  Sir  W.,  706  (note). 
Jones,  Coppen,  36  (note). 
Jones,  Lewis,  771. 
Jones,  Lloyd,  165. 
Jones,  Wharton,  149. 

K 

Von  Kahlden,  544. 

Kanthack,  45,  140,  150,  278,  280,  390 

(note),  410. 
Karlinski,  27. 

Kauffmann,  509  (note),  623,  633,  655. 

Key,  Axel,  335. 

Kidd,  45,  146, 

Kijanitzin,  767. 

Kitasato,  26. 

Klebs,  335. 

Klein,  E.,  17,  27,  36,  378  (note),  387, 

396,  410,  564  (note),  680. 
Klemperer,  F.,  407. 
Koch,  11,  13,  28,  43. 
Kocher,  682. 
Kolisch,  651. 
Kolliker,  536,  689. 
Korotnetf,  564  (note). 
Kosturia,  515. 
Kraus,  459,  679. 
Krawkow,  517  et  seq. 
Krehl,  465. 
Kruger,  411. 
Kuhnau,  461. 
Kuhne,  671,  672. 
Kumagawa,  464. 
Kundrat,  171. 
Kurloff,  564  (note). 
Kusnezow,  81. 

L 

Laennec,  63,  706  (note),  721. 
Lafitte,  543. 
Laker,  153,  167. 
Lancereaux,  625. 


776  INDEX  OF  AUTHORS. 


Landerer,  368. 
Landouzy,  765. 
Langendorff,  626. 
Langerhans,  506. 
Langlois,  690. 
Laudenbach,  694. 
Laveran,  161  {note),  435. 
Laves,  630,  633,  667. 
Lawrie,  747. 

Lazarus-Barlow,  7  (note),  136,  202  et 
seq.,  222  etseq.,  482  {note),  525  {note), 
752  {note),  754. 

Leathes,  202. 

Leber,  345,  405. 

Legg,  Wickham,  543. 

Lehmann,  431. 

Lepine,  624,  632. 

Lesser,  767. 

Leube,  604. 

Levene,  621  {note),  628. 
Levenne,  631. 
Levy,  545. 
Lewin,  534. 
Leyden,  90,  467. 
Liakhovetsky,  404. 

Liebermeister,  453,  465  et  seq.,  473, 
511. 

Lichtheim,  76,  220,  244,  721. 
Liebig,  623. 
Light,  603. 
Lilienfeld,  153. 

Von  Limbeck,  146,  151,  154,  159(note), 

165,  170,  181,  194,  450. 
Litten,  111,  511,  525  {note). 
Little,  758. 
Liveriato,  624  {note). 
Lode,  689. 
Loeb,  541. 
Loffler,  30. 
Lombard,  760. 
Longet,  769. 
Lower,  212,  217. 

Lowit,  153,  175,  183,  451,  465,  471. 
Lowy,  432,  451,  459,  474,  723. 
Loye,  768. 
Luciani,  759. 

Ludwig,  197,  212,  422,  515,  581,  588, 

604. 
Lnschka,  689. 
Lustgarten,  768. 
Luthje,  666. 

M 

MacAlistee,  468. 
Macfadyean,  27. 
Mac  William,  747. 
Mairet,  692. 
Mallory,  520. 
Mansell-Moullin,  584. 
Manson,  161  {note),  595,  616  (note). 
Maragliano,  147,  169,  309,  '444.  464, 
468. 


Marcet,  716. 

Marchand,  272. 

Marckwald,  760. 

Marie,  537,  545,  547,  686,  691. 

Markuse,  626. 

Marmier,  32,  411. 

Marthen,  620. 

Martin,  S.,  25,  510,  763. 

Massen,  654,  656. 

Matthes,  334  et  seq. 

Mannheim,  687. 

May,  460,  470,  634. 

Mayer,  667. 

Melsome,  38,  393. 

Meltzer,  248  {note). 

Mendel,  202. 

Mendelssohn,  706  {note). 

Von  Mering,  614,  625,  628,  632  et  seq. 

Mertens,  543. 

Mesnil,  281. 

Metchnikoff,  39,  151,  276,  280,  357, 
368,  371,  393,  402  et  seq.,  406  (note), 
408,  414. 

Mett,  631  (note). 

Meyer,  Lothar,  208  (note). 

Michaelis,  84. 

Mickulicz,  683. 

Middleton,  507. 

Miguel,  27. 

Minkowski,  450,  452,  614,  618,  625 
et  seq.,  632  et  seq.,  672,  675. 

Moment,  30. 

Moran,  562. 

Morat,  623,  631. 

Moreau,  722. 

Morpurgo,  385,  540. 

Mosso,  424,  428  (note). 

Mott,  502,  506,  510,  513,  525  (note), 
530. 

Muir,  173  (note). 

Muller,  173  (note),  175,  559. 

Munn,  604. 

Murray,  683. 

N 

Nagel,  691  (note). 

Naunyn,  452,  471,  473,  511,  514,  666 

et  seq.,  672,  675. 
Nebelthau,  470. 
Nencki,  622,  654,  656. 
Neumann,  175,  271,  526,  676. 
Nicolaier,  668. 
Nicolas,  90,  730  (note). 
Nicolls,  107,  134. 
Nobecour,  500  (note). 
Von  Noorden,  471,  630,  664. 
Nussbaum,  604,  607. 
Nuttall,  406,  764. 

O 

Obeemeiek,  11. 
OJlstreich,  82,  84. 


INDEX  OF  AUTHORS.  777 


Ogston,  315. 

Oliver,  690,  692,  693,  694. 
Oliver,  T.,  771. 
Ord,  682. 
Orth,  272. 
Ott,  436. 

P 

Pa.chon,  141. 
Pages,  140. 
Paget,  369. 
Panum,  321,  335. 
Parkes,  602. 
Paschutin,  197. 

Pasteur,  11,  35,  38,  41,  385,  387. 
Patella,  401. 

Pavy,  334,  335,  605  (note),  622,  627. 
Pawlow,  583,  631  (note),  654,  656. 
Pembrey,  424,  438,  760. 
Penzo,  540. 
Pernice,  385,  769. 
Petruschky,  23  (note),  385. 
Pfannenstiel,  520. 
Pfetf'er,  276. 

Pfeiffer,  40O,  405,  410,  411,  664  (note). 

Pfuhl,  30. 

Pfluger,  431,  460. 

Pickler,  612. 

Pizzini,  154. 

Pollock,  637. 

Ponfick,  354,  767. 

Porter,  Townsend,  84. 

Pouchet,  689. 

Pourrat,  730  (note). 

Powell,  Sir  R.  Douglas,  706  (note). 

Prudden,  28. 

Pye  Smith,  70, 

Q 

De  Q.uervain,  684. 
Quincke,  164. 

R 

Ranvier,  173  (note),  217,  218. 

Raoult,  192  (note). 

Rayer,  689. 

Raymond,  689. 

De  Reenter,  544. 

Von  Recklinghausen,  368,  521. 

Reid,  Waymouth,  254,  255. 

Renaut,  765. 

Reverdin,  341  (note),  682. 

Ribbert,  540,  541,  544,  555,  569,  570 

et  seq.,  607. 
Richet,  424,  436. 
Richter,  451,  464,  465,  468,  474. 
Rindfleisch,  175. 
Rindfleisch,  E.,  104  (note). 
Ringer,  7,  80,  636,  747. 
Ritter,  652  (note). 
Roberts,  Sir  W.,  660  et  seq. 
Rodet,  90,  385,  730  (note). 


Roger,  41,  81,  385,  483,  484. 
Rogowicz,  684. 
Rohmann,  457. 
Rokitansky,  368. 
Rolleston,  507,  688  (note). 
Roncali,  565. 
Rosenbach,  677,  759. 
Rosenthal,  433. 
Ross,  161  (note). 
Rouget,  397. 

Roux,  25,  30,  31,  39,  408,  411,  412. 
Rovighi,  473,  474. 

Roy,  68,  89,  94,  222,  484  et  seq,  490, 
749. 

Rubner,  421,  614. 
Rtiffer,  564  (note). 
Runeberg,  188,  607. 

S 

Sacerdotti,  440. 

Sachs,  428,  436. 

Sackur,  730  {note). 

Salkowski,  457. 

Salmon,  388,  402,  406  (note). 

Salter,  716. 

Salvioli,  157  (note),  767. 
Samschin,  81. 

Samuel,  288  et  seq.,  368,  371. 

Sanderson,  Burdon,  370. 

Sandmeyer,  619,  626. 

Sanfelice,  565. 

Santesson,  198. 

Saundby,  605  (note),  621. 

Saunders,  279  (note). 

Scagliosi,  81,  453,  510,  769. 

Schafer,  254  (note),  690,  692,  693,  694. 

Schleiffarth,  271. 

Schiff,  148,  682. 

Schimmelbusch,  142,  143. 

Schmiedeberg,  674. 

Schnitzler,  462,  655. 

Schreiber,  17. 

Schrey,  9  (note). 

Schultess-Rechberg,  83,  84. 

Schultze,  Max,  149,  767. 

Schultzen,  655. 

Seegen,  623. 

Selmi,  762. 

Senator,  450,   470  (note),  473,  604, 

606,  607,  610. 
Shattock,  564  (note),  565,  568. 
Sherrington,  157  (note),  183,  347,  351, 

356,  358,  485,  487,  495,  502,  668, 

679,  687. 
Shore,  747. 
Shuller,  547. 
Sievers,  507. 
Sihler,  741. 
Silbermann,  767. 
Smirnow,  84,  411. 
Smith,  388,  402,  406  (note). 
Smith,  Horton,  670. 


778  INDEX  OF  AUTHORS. 


Smith,  Lorrain,  166,  297,  441,  683, 

684,  723,  743,  745. 
Smith,  Theobald,  24. 
Snell,  744  (note). 
Sobernheim,  410. 
Sollier,  686. 
Sollmann,  424. 
Sonnenburg,  767. 
Soudakewitch,  357. 
Souza-Leite,  692. 
Speck,  431. 
Spitzer,  632. 
Stadelmann,  674. 

Starling,  199  et  seq.,  210,  222,  248, 

250,  254,  255,  256. 
Steindler,  450. 
Stern,  438. 
Sternberg,  29,  34. 

Stewart,  442,  547  (note),  605  (note), 

704. 
Stieda,  684. 
Stokvis,  604,  606. 
Stork,  714. 

Strieker,  307,  308,  346,  347,  368. 
Stroebe,  564  (note). 
Sutton,  97. 
Sutton,  Bland,  693. 
Sydenham,  473. 
Szymonowicz,  690. 

T 

Tangl,  536. 

Taylor,  517. 

Tedeschi,  765. 

Tessier,  587. 

Thiel,  627. 

Thierfelder,  764. 

Thoma,  127,  350,  368,  370. 

Thompson,  W.  H.,  142. 

Thorburn,  547. 

Thornton,  747. 

Tiedemann,  769. 

Van  Tieghem,  27. 

Tigerstedt,  198. 

Tizzoni,  385,  684,  688. 

Traube,  459,  465,  470,  758,  760. 

Treves,  641. 

Trevethick,  297  (note). 

Tubby,  248. 

Turner,  588,  668. 

Turner,  Charlewood,  63. 


U 

Ughetti,  463,  465. 
Unverricht,  473. 
Uschinsky,  35,  285. 


V 

Vaillaed,  397,  407. 
Vierordt,  431. 

Virchow,  111,  169,  176,  237,  238,  335, 
344,  357,  368,  465,  507,  514  (note), 
518,  529,  537,  544,  548,  556,  559. 

Vogel,  369. 

Vogt,  612. 

Voit,  245,  431,  512,  652. 
De  Vries,  191,  193,  194. 
Vulpian,  689. 


W 

Walther,  440,  473,  474. 
Ward,  Marshall,  31. 
Washbourn,  562  (note). 
Wassermann,  399,  400,  412,  413. 
Weigert,  357,  368,  505. 
Weintraud,  630,  633. 
Welti,  767. 

Werhowsky,  435,  474,  511. 
Wertheim,  767. 
Wesbrook,  25,  31,  32,  410. 
White,  A.  H.,  81. 

White,  Hale,  436,  437,  455,  470,  603. 

Wichmann,  519. 

Widal,  401. 

Wilson,  85. 

Winckel,  598. 

Wislicenus,  431. 

Wohlmann,  547. 

Wolffhugel,  28. 

Wolkow,  628. 

Wooldridge,  218. 

Wood,  428,  436. 

Woodhead,  Sims,  397. 

Wright,  A.  E.,  146. 

Wunderlich,  439,  444,  448. 

Wlirster,  31. 

Wyssokowitch,  315. 


Y 

Yersin,  25,  39. 


Z 

Zacuto,  473. 

Zahn,  142,  143. 

Zappert,  159. 

Zenker,  170,  283,  521. 

Ziegler,  272,  344,  345,  356,  368,  370, 
435,  474,  511,  512,  519,  521,  522, 
539.  540,  548,  570,  671,  676. 

Zuntz,  431,  46S,  469. 


INDEX  OF  SUBJECTS. 
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Abductor  paralysis  and  disorders  of 
respiration,  707,  708,  753. 

Abrin,  and  passive  immunity,  389. 

Abscess,  309  ;  in  lymph-glands,  319  ; 
pus  of  cold,  317. 

Absorption  of  fluid,  248  ;  by  renal 
tubules,  588  ;  dialysis  in  reference 
to,  252  ;  explanation  of,  253  ;  from 
pleural  cavity,  730. 

 of  gas  :    from  pleural  cavity, 

730  ;  from  pneumothorax,  730  {note). 

Acetone :  in  diabetic  urine,  620  ;  in 
febrile  urine,  458  ;  in  cancer,  458. 

Acid- formation  by  protozoa,  279  {note). 

Acromegaly,  691. 

Active  immunity,  386. 

Addison's  disease,  688  ;  pigmentation 
in,  527,  689. 

Adenoid  growths  and  modified  respira- 
tion, 701. 

Adhesion,  healing  by  secondary,  363. 
Adhesions,  pleural,  724. 
Adrenal  bodies,  general  pathology  of, 
688. 

Aerobiosis  and  anaerobiosis,  20. 
"After-damp,"  743. 
Agar-agar  and  phagocytosis,  296. 
Age  and  susceptibility,  384. 
Agenesia,  528. 

Agglutination,  400  ;  and  dilution  of 
typhoid  serum,  417. 

"  Agonal  "  hyperpyrexia,  448. 

 hyperthermia,  439. 

Ague-fit,  urine  in  stages  of  an,  456. 

Air  as  a  carrier  of  infection,  379. 

Air-bladder  of  fishes,  oxygen  in,  722. 

Albumin,  absence  of,  from  normal 
secretions,  601  ;  from  normal  urine, 
604  ;  loss  of,  in  disease,  602  ;  mean- 
ing of  term,  602. 

Albuminous  solutions,  filtration  of,  188. 

Albuminuria,  603  et  seq.  ;  "cycli- 
cal,'' 612;  in  diabetes,  620;  in 
febrile  disease,  457  ;  in  pregnancy, 
612  ;  paroxysmal,  599. 

Albumoses  and  coagulation  of  blood, 
141  ;  in  cobra-venom,  140  ;  in  pus, 
306. 

Albumosuria,  458,  611. 


Alcohol  :  and  fatty  changes,  511  ;  and 
gout,  665  ;  and  hypothermia,  440, 
443  ;  effects  upon  cells,  543  ;  forma- 
tion by  yeast,  402. 

Alexins  and  germicidal  action  of  serum, 
399  ;  and  immunity,  407. 

Alimentary  canal,  heat  production  in, 
422. 

Alkalinity  of  blood  in  fever,  450. 

Alkaloids  and  immunity,  389  {note). 

Alveoli,  morbid  conditions  of  pulmon- 
ary, and  disordered  respiration,  717. 

Amido-acids,  excretion  as  urea,  655. 

Ammonio-magnesium  phosphate  crys- 
tals in  gangrene,  504  ;  in  urine, 
681. 

Ammonium  carbamate  and  uraemia, 
654. 

 carbonate  and  uraemia,  652  ; 

formation  from  urea,  652. 
Amyloid  degeneration.  See  Lardaceous 

change. 

Anaemia  :  active  congestion  after,  226  ; 
after  haemorrhage,  157  ;  and  fatty 
changes,  510  ;  and  heart  action,  80  ; 
and  respiration,  178  ;  entozoal,  158  ; 
from  lead-poisoning,  168  ;  from  mal- 
nutrition, 168  ;  haemorrhages  in, 
180  ;  hyperthermia  in,  438  ;  toxic, 
162. 

■  pernicious,  163  ;  blood  changes 

in,  164.    See  Pernicious  anaemia. 

Anaesthetics  :  action  on  heart,  747  ; 
and  hypothermia,  442  ;  and  periodic 
breathing,  760. 

Anaplasia,  theory  of,  568. 

Anazoturia,  587. 

Anchylostomum  duodenale,  158,  595 
{note). 

Aneurysm  :  and  pressure  atrophy,  529  ; 
"dissecting,"  103  ;  effects  on  heart, 
100  ;  fusiform,  99  ;  intrapericardial 
rupture,  53  ;  physics  of  rupture,  102  ; 
popliteal,  and  ligature  of  femoral 
artery,  106  ;  pulse-wave,  100  ;  rup- 
ture and  shock,  479  ;  saccular,  100. 

Angina  pectoris,  pathology  of,  82. 

Anthracosis,  527. 

Antibacterial  and  antitoxic  substances, 
399. 

Antipyretics,  463. 
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Antipyrin,  action  of,  463. 
Antiseptics  and  disinfectants,  33. 
Anti-substances,   mode  of  action  of, 
411. 

Antitoxic  and  antibacterial  sera,  399. 

Antitoxins  and  toxins,  411. 

Anuria :  and  oedema,  235  ;  from  in- 
creased pressure  in  pelvis  of  kidney, 
656  ;  with  acute  nephritis,  649  ;  with 
low  general  blood-pressure,  647. 

Apocoptic  plethora,  changes  after,  491. 

Apoplexy,  cerebral :  and  respiration, 
736  ;  thermogenesis,  437. 

Argyria,  527. 

Arsenic  and  fatty  degeneration,  511  ; 
and  hypertrophy,  539. 

Arteries  :  calcification  of,  524  ;  calcifi- 
cation of,  and  heart,  98  ;  local  dilata- 
tion of,  124  ;  obstruction  of  (sum- 
mary), 108  ;  occlusion  of  anastomos- 
ing, 106  ;  occlusion  of  terminal,  105. 

Arterio-sclerosis ;  cardiac  effects,  97  ; 
relations  with  atheroma  and  calcifica- 
tion, 524  ;  thrombosis  in,  115  ;  vas- 
cular changes  in,  95,  97. 

Arteritis  deformans,  524 ;  and  gan- 
grene, 115  ;  and  thrombosis,  114  ; 
effects  upon  heart,  98. 

Ascites,  effect  upon  respiration,  734. 

Aseptic  conditions,  life  under,  764. 

"  Aseptic  surgery,"  313. 

Asphyxia,  750  ;  and  drowning,  769  ; 
and  experimental  poisoning  with 
diphtheria  toxin,  752  (note)  ;  cardiac 
changes,  77  ;  fluidity  of  blood  after 
death,  145  ;  glycosuria,  619  ;  parts 
taken  by  excess  of  C02  and  deficiency 
of  O,  751  ;  respiratory  and  vascular 
changes,  750 ;  secretion  of  urine,  581. 

Asthma,  spasmodic,  713. 

Asymmetrical  mitoses,  569. 

Atelectasis,  720. 

Atheroma,  calcification  in,  523  ; 
changes  of  vessel  wall  in,  94  ;  fatty 
degeneration  in,  509. 

Atrophy,  528  ;  and  paralytic  secretion 
of  saliva,  592  ;  changes  undergone 
by  parts  during,  535  ;  from  disuse, 
529  ;  from  pressure,  529  ;  in  chronic 
fibroses,  542  ;  in  scirrhus,  554  ;  of 
nervous  origin,  532  ;  physiological, 
528  ;  senile,  530  ;  true  and  numeri- 
cal, 528. 

  acute   yellow,    and  ursemia, 

656  (note). 
Attenuated  bacteria,  characters  of,  396. 
 virus,    immunity  produced 

by  inoculating  with,  387. 
Attenuation  of  anthrax,  35  ;  of  bacteria 

by  heat,  29. 
Auto-toxication  and  Addison's  disease, 

690  ;  and  myxcedema,  685. 
Azoturia,  587 


B 

Bacillus,  13;  sporogenous  and  asporo- 
genous,  16. 

"Bacillus  coli"  as  a  pathogenetic 
microbe,  396  ;  and  gall-stones,  668. 

  pyocyaneus,  and  anti-sub- 
stances, 399  ;  and  inheritance  of  im- 
munity, 392. 

 typhosus  in  bile  and  urine, 

678.  < 

Bacteria.    See  Bacilli,  Micrococci,  etc. 

 aerobiosis  and  anaerobiosis,  20  ; 

and  bronchitis,  711  ;  and  specific 
diseases,  44  ;  and  suppuration,  315  ; 
attenuation  by  heat,  29  ;  fission,  14  ; 
in  expired  air,  711  ;  motility,  18  ; 
passage  through  placental  blood- 
vessels, 391  ;  passage  through  renal 
epithelium,  679  ;  pathogenicity,  40  ; 
reproduction,  14  ;  saprophytism  and 
parasitism,  21 ;  specificity,  43  ;  spore- 
formation,  16  ;  symbiosis,  37 ;  ther- 
mal, 27  ;  variability,  35. 

 action  upon,  of  chemical  agents, 

32  ;  of  cold,  28  ;  of  desiccation,  30  ; 
of  electricity,  32  ;  of  gases,  33  ;  of 
heat,  28  ;  of  light,  30  ;  of  mercurial 
salts,  34  ;  of  temperature,  27. 

 (dead)  and  pus-formation,  316. 

 products  of  life  history,  22  et 

seq. ;  acids  and  alkalies,  23 ;  enzymes, 
24  ;  gases,  23  ;  pigment,  22. 

 in  alimentary  canal,  thermo- 
genesis by,  423. 

Bacterial  factors  influencing  infection, 
394. 

 toxins,  25  ;  and  fatty  changes, 

510  ;  and  lardaceous  change,  517, 
519  ;  and  myocarditis,  81  ;  and 
nephritis,  608. 

Bactericidal  action  of  serum,  398. 

Barometric  pressure  and  ' '  caisson " 
disease,  744  (note) ;  and  mountain- 
sickness,  743. 

Basophil  cells,  150  ;  in  leuchsemia, 
173. 

Bath,  cold,  in  hyperpyrexia,  453  ;  hot, 

and  hyperthermia,  432. 
Baths,  temperatures   of  normal  and 

febrile  persons  in,  466. 
Bed-sores,  333. 

Bile,  secretion  of,  and  steatorrhoea,  613; 

in  fever,  455. 
Bile-pigment.    See  Jaundice. 
Bile-salts  :    and  bilirubinuria,    672  ; 

and  bradycardia,  88,  673,  674. 
Bilharzia  hcematoMa,  595  (note). 
Bilirubin-calcium,  667,  668. 
Birds  and  experimental  diabetes,  626. 
Bladder,    urinary,    atony    of,    643  ; 

rupture  of,  and  shock,  479. 


INDEX  OF  SUBJECTS.  781 


Blindness  in  acute  uraemia,  650  ;  in 
diabetes,  619. 

Blood :  alkalinity  and  gastric  ulcer, 
334  ;  amount  of  sugar,  605  {note), 
623  ;  and  constancy  of  temperature, 
426  ;  and  nutrition,  499  ;  changes 
in  hyperthermic  rabbits,  435  ; 
chlorides  in  febrile,  457  ;  effects  of 
toluylenediamin,  163  ;  in  dogs  with 
Eck's  fistula,  655  ;  in  gout,  659  ;  in- 
stability, 139  ;  loss  of  blood  and  in- 
fection, 385 ;  oxygen  tension  of 
arterial,  722,  723 ;  residual,  66  ; 
temperature  in  portal  and  hepatic 
veins,  422. 

 ■  specific  gravity  of,  after  burns 

and  scalds,  487  ;  after  transfusion, 
210,  492 ;  in  apocoptic  plethora, 
491  ;  in  collapse,  485  ;  in  death  from 
thirst,  769  ;  in  laparotomy,  487  ; 
in  oedema- formation,  224. 

Blood-clot,  changes  in,  during  repair 
of  wounds,  360  ;  in  repair  of  bone, 
364. 

Blood-corpuscles  and  plasma,  relations 
of,  195. 

 colourless,  149  et  seq.;  forma- 
tion in  adult,  176  ;  formation  in 
embryo,  174.    See  also  Leucocyte. 

 red,     146  ;    diapedesis,  262, 

273  ;  distribution  in  hyperther- 
mia, 452  ;  formation  in  adult,  175  ; 
formation  in  embryo,  174  ;  haemo- 
globin in,  195  ;  in  febrile  disease, 
451  ;  nucleated,  177  ;  sources  of,  in 
anaemia,  177  ;  tonicity  of,  193. 

Blood-flow,  acceleration  of,  in  inflam- 
mation, 259  ;  velocity  of,  and  throm- 
bosis, 114. 

Blood-plasma,  alkalinity  of,  in  fever, 
450. 

Blood-platelets,  characters  of,  153  ; 
in  certain  diseases,  154  ;  numbers  of, 
153. 

Blood-pressure,  arterial,  after  trans- 
fusion, 489  ;  and  albuminuria,  606  ; 
and  anuria,  647  ;  and  secretion, 
581  ;  and  stimulation  of  afferent 
nerves,  481  ;  effects  of  paralytic 
congestion  on,  125  ;  in  asphyxia,  77, 
750  ;  in  collapse,  486  ;  in  dyspnoea, 
753  ;  in  fever,  454  ;  in  haemorrhage, 
133  ;  in  pericardial  effusion,  50  ;  in 
shock,  481. 

 pulmonary,  in  heart  disease,  69. 

 venous,  and  lymph-flow,  209  ;  in 

asphyxia,  77  ;  in  pericardial  effusion, 
51. 

Blood-pressures,  capillary  and  venous, 
199. 

Blood-serum,  crystalloids  in,  187  ; 
germicidal  properties  of,  398  ;  toni- 
city of,  194  ;  volume  of,  in  fever,  450. 


Blood-serum  and  salt  solution,  osmotic 
equilibrium  between,  207,  252. 

Blood-supply,  deficient,  and  pressure 
atrophy,  529. 

Blood-vessels  :  and  absorption,  249  ; 
and  albuminuria,  609 ;  causes  of 
dilatation,  96  ;  causes  of  stenosis, 
95  ;  dilatation  in  inflammation,  265  ; 
diminution  of  calibre,  95  ;  effects  of 
acids  and  alkalies  on,  124  ;  effect  of 
supra-renal  extract  on,  690  ;  elas- 
ticity, 94  ;  importance  in  oedema- 
formation,  221,  238  ;  increased 
rigidity,  97  ;  in  fever,  454  ;  in 
initial  stage  of  fever,  445  ;  in- 
flammatory changes,  266;  lardace- 
ous  change,  514,  516;  new  for- 
mation, 349,  357  ;  rupture,  101  ; 
rupture  by  coughing,  704  ;  septic 
and  aseptic  obstruction,  120. 

Bone  :  inflammation,  268  ;  removal  by 
phagocytes,  296  ;  repair,  343,  363  ; 
"  trophic  "  changes,  548. 

Bone-marrow  in  anaemia,  177  ;  in 
hyperthermia,  435. 

Bradycardia,  88  ;  in  jaundice,  673, 
674. 

Brain  in  renal  patients,  244  ;  lesions 
of,  and  hyperthermia,  436. 

 ■  and  adrenal  bodies,  develop- 
ment of,  691. 

Bronchitis,  711  ;  capillary,  712  ;  plas- 
tic, 712. 

Bronchioles,  affection  of,  in  asthma, 
714. 

Bronchiolitis,  712. 

Broncho-pneumonia :   and  collapse  of 

lung,  721  ;  diphtheritic,  709. 
Bronchus,  entry  of  foreign  substances 

into,  709. 
Brown  atrophy  of  heart,  536. 
Bruit  de  diab'le,  64. 
Bulbar  paralysis  :  and  glycosuria,  621  ; 

and  disorders  of  respiration,  708  ; 

and  ptyalism,  591. 
Bull-dogs,  infective  disease  of,  562. 
Burns  and  scalds  :  death  after,  766  ; 

hypothermia  after'  superficial,  443  ; 

shock  after,  767. 

C 

Calcification,  522;  and  coagulation, 
525  (note)  ;  of  capsule  around  an  irri- 
tant, 297  ;  of  new-growths,  554  ;  of 
thrombi,  144  ;  physiological  and 
pathological,  523. 

Calcium  salts  and  coagulation  of  blood, 
140  ;*and  hematoxylin,  524  (note)  ; 
and  heart-action,  80. 

Calculi,  666  ;  and  suppression  of 
urine,  657  ;  intestinal,  667  ;  phos- 
phatic,  669  ;  renal,  668  ;  shock 
accompanying  passage  of,  479. 
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Callosity,  formation  of,  341. 
Callus,  364. 
Calorie,  421  {note). 

Cancer  :  and  acetone  in  urine,  458  ; 
endemic  location,  567. 

"  Cancer  parasites,"  564  {note). 

Capillaries :  cement  substance  in  in- 
flammation, 240 ;  new  formation, 
349  ;  stomata  in  renal,  609  {note). 

Capillary  pulsation,  135. 

Carbohydrate,  formation  of  fat  from, 
508  ;  beat  value  of,  421. 

Carbon  dioxide,  poisoning  by,  745. 

 monoxide,  poisoning  by,  744  ; 

and  fatty  change,  511,  512,  513  ;  and 
glycosuria,  619. 

Carbuncles  in  diabetes,  619. 

Carcinoma,  anaemia  in,  167  ;  leucocy- 
tosis  with,  182  ;  Ribbert's  theory  of, 
569. 

 and  sarcoma,  characters  of,  552. 

Cardiac  dyspnoea,  737. 

 failure  :   heart-action   in,  79  ; 

in  asphyxia,  77  ;  pathology  of,  74. 

 oedema,  distribution  of,  241. 

"Cardinal  signs"  of  inflammation, 

258. 

Caries,  329,  336. 

 and  ulceration,   similarity  of, 

337. 

Carnification,  727. 

Cartilage,  repair  of,  343. 

Cartilages  of  gouty  joints,  659. 

Cell,  part  played  by,  in  nutrition,  500. 

Cell-nucleus  and  phosphorus,  513. 

Cells  and  fatty  changes  in  cells,  509. 

 destruction  of,  and  fever,  463. 

Cellulo -humoral  theory  of  immunity, 
408. 

Centres,  cerebral  heat,  428,  436. 

Centripetal  impulses, effects  of,oti  blood- 
pressure,  481. 

Cerebral  anaemia  and  uraemia,  653. 

 lesions,  hyperthermia  after,  436. 

 puncture  and  curative  action 

of  fever,  474. 

Chalicosis,  527. 

"  Charcot's  arthropathy,"  546. 

 crystals,  170  ;  and  asthma,  715. 

Chemical  poisons,  incubation  period 
of,  763. 

 products,    immunisation  by, 

388. 

Chemiotaxis,  275  ;  and  spread  of  in- 
flammation, 319  ;  negative,  and  in- 
fection, 404. 

Cheyne-Stokes  respiration,  757. 

Children,  instability  of  temperature  in, 
438. 

Chlorides  in  febrile  urine,  457. 
Chloroform  inhalation,  747. 
Chloroform  -  narcosis     and     nucleo  - 
albuminuria,  612. 


Chlorosis,  blood-changes  in,  165. 

Cholera,  Asiatic,  and  collapse,  480, 
485  ;  gangrene  in,  505  ;  inoculations 
against,  387  ;  infection  in  man  and 
animals,  381  ;  leucocytosis  in,  181  ; 
loss  of  albumin  in,  602 ;  water  and 
epidemics  of,  378. 

Cholesterin,  formation  of,  668. 

Chromatoblasts,  termination  of  nerves 
in,  689. 

Chyluria,  616. 

Circulation,  invasion  of,  by  bacteria, 
319. 

Citrates  and  coagulation  of  blood,  140. 

Clot,  ante-  and  post-mortem,  144. 

Cloudy  swelling,  522  ;  and  fatty 
change,  450  ;  in  fever,  449. 

Coagulability  of  blood :  and  specific 
gravity,  145  ;  diminished,  145  ;  in- 
creased, 142  ;  in  fever,  451. 

 of    chylous    urine,    616  ;  of 

exudations,  216,  269. 

Coagulation  and  nucleo-proteids,  506  ; 
experimental  work,  140. 

Coagulation-necrosis,  505  ;  and  false 
membranes,  270. 

Cobra-poison  and  coagulation  of  blood, 
140. 

Cceliac  ganglion  and  coagulation  of 
blood,  141. 

Cold  :  and  infection,  385  ;  and  par- 
oxysmal hemoglobinuria,  599,  600  ; 
death  from  exposure,  440  ;  inflamma- 
tion caused  by,  285  ;  sensation  of, 
in  initial  stage  of  fever,  444. 

Colitis,  membranous,  603  ;  ulcerative, 
594. 

Collapse,  477  ;  anuria  in,  648  ;  and 

death  from  thirst,  769. 
  of   lung,    720 ;    in  pleural 

effusion,  727  ;  removal  of  air  from 

alveoli,  721. 
Colliery  explosions,  cause  of  death  in, 

743,  744. 
Colliquative  necrosis,  506. 
Colloid  change,  519  ;  in  cancer,  554  ; 

material  in  thyroid  body,  685. 
Compensatory  hypertrophy,  538. 
Compound  fracture  of  bone,  363. 
Concussion  of  the  brain,  479. 
Congestion.    See  also  Hyperemia. 
  active,   after    anaemia,    226  ; 

and  cyanosis,  233  ;  and  functional 

activity,    226  ;  tissue  changes  in, 

227. 

 hypostatic,  131. 

Connective  tissue,  fibrinoid  degenera- 
tion of,  271  ;  interchangeability  of, 
342. 

Constipation,  637. 
Contagion,  377. 

Convalescence,  acquired  immunity  in, 
416  ;  alkalinity  of  blood  in,  450. 
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Convulsions,  epileptiform,  after 
haemorrhage,  179  ;  after  thyroid- 
ectomy, 683. 

Copper  ferrocyanide  membrane,  191. 

"  Coprseniia,"  639. 

Coronary  artery,  embolism  of  (case), 
82  ;  experimental  ligature,  83  ; 
stenosis  of,  81  et  seq. 

Corpus  striatum  and  thermogenesis, 
428. 

Corrosive  poisons,  hypothermia  from, 
443. 

Coughing :  and  sneezing,  702  ;  in 
chronic  bronchitis,  703  ;  pathological 
effects  of,  703. 

Cretinism,  681. 

Crisis,  defervescence  by,  446. 

Croupous  "false  membranes,"  269. 

Crucial  sulcus  and  thermogenesis,  428. 

"  Cupping,"  130. 

Curare  :  and  glycosuria,  623  ;  and 
heat  regulation,  428  {note),  442  ;  and 
cedema,  240  ;  and  output  of  carbonic 
acid,  623. 

Cystitis :   and  consecutive  nephritis, 

645  ;  changes  of  urine  in,  681. 
Cysts,  572. 

 ovarian,  and  pseudo-mucin,520. 


D 

Death  :  by  drowning,  768  ;  by  light- 
ning and  by  electric  shock,  770  ; 
from  acute  intestinal  obstruction, 
642  ;  from  burns,  766  ;  from  exposure 
to  cold,  440  ;  from  hyperthermia, 
433,  434  ;  from  obstructive  suppres- 
sion of  urine,  657  ;  from  rupture 
of  intra-pericardial  aneurysm,  53 ; 
from  thirst,  769  ;  in  nervous  disease 
involving  respiratory  muscles,  735. 

 fall  of  temperature  before,  447. 

 sudden,  and  fragmentation  of 

heart,  766. 

Defeecation  centre,  torpidity  of,  638. 

Definitions  of  inflammation,  368-372. 

Degenerations  and  infiltrations,  507. 

Degeneration,  fatty,  of  pus-cells,  306. 

 Zenker's,  283. 

Dermoid  cysts,  573. 

Development  and  heat  regulation  at 
birth,  438. 

Diabetes  insipidus,  584,  587,  590. 

 mellitus,  618  ;  and  gout,  665  ; 

,  and  phosphaturia,  620  ;  dis- 
appearance of  sugar  in  fever,  635  ; 
polyuria  in,  587,  589  ;  symptoms  of, 
619  ;  theories  of,  629. 

Diabetic  centre,  625. 

Diacetic  acid  in  urine  in  fever,  458. 

Dialysis  and  absorption,  252  ;  effects  of 
proteid  on,  252  ;  example  of,  189. 


Diapedesis,   262  ;    after  injection  of 

"  tissue-fibrinogen,"  218  ;  in  venous 

congestion,  127,  129. 
Diaphragm  and  asthma,  715. 
Diarrhoea,  pathology  of,  585  ;  profuse, 

and  collapse,  480  ;  "spurious,"  586. 
Diet  and  respiratory  quotient,  430. 
Digestive  vacuoles,  279  {note). 
Diffusion,  example  of,  189. 
 osmosis  and    filtration,  Reid 

on,  254. 
Dilution  of  irritant,  296. 
Diphtheria,  albuminuria  in,  458. 

 in  man  and  animals,  381. 

 bacilli,   multiplication  of,  in 

milk,  378. 
 immunity    to,    produced  by 

Klein,  387  {note). 

  toxin  and  fatty  changes,  510. 

Diphtheritic  "  false  membranes,"  269. 
 paralysis  involving  respiratory 

muscles,  735. 
Diplococcus,  13. 

Disease  :  generalisation  of  a,  566  ;  in- 
toxicative  infective,  379  ;  organic 
and  functional,  3  ;  septicsemic  in- 
fective, 379. 

Disinfectants  and  antiseptics,  32. 

Dissecting  aneurysm,  103. 

Disuse  and  atrophy,  501. 

Dose  of  bacteria  and  infection,  394. 

Dropsy.    See  (Edema. 

Drowning :  and  asphyxia,  769  ;  death 
by,  768. 

Drugs,  hyperthermia  following,  438  ; 
non-absorption  of,  in  shock,  483  ; 
selective  excretion  of,  584. 

Duct,  cystic,  obstruction  of,  in  in- 
flammation, 417. 

Dyspnoea,  752  ;  cardiac,  737  ;  in 
asthma,  713  ;  in  hyperthermia,  740  ; 
in  laryngeal  paralysis,  753  ;  in  pneu- 
mothorax, 728  ;  in  pulmonary  em- 
bolism, 736  ;  inspiratory  and  ex- 
piratory, 753  ;  renal,  740. 

E 

Eck's  fistula,  and  liver  as  sugar-de- 
stroying organ,  622  ;  and  uraemia, 
654. 

Eclampsia,  puerperal,  613,  658. 
Efferent  tract,  schema  of,  532. 
Egg- albumin,  excretion  of,  by  kidney, 
604. 

Egg,  white  of,  extraction  of  sugar  from, 
629. 

Electrolytes,  final  osmotic  pressure  of, 
190. 

Embryo,     immunisation     of,     392  ; 

maternal  infection  of,  391. 
Embolism,  108  ;  and  gastric  ulcer,  335  ; 

pulmonary,  109,  736. 
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Embolus,  origin  of  an,  109  ;  septic  and 

aseptic,  120. 
 ■  septic,  and  formation  of  abscess, 

310. 

Embryonic  remnants,  theory  of,  557. 

Emphysema,  705  ;  cardiac  changes  in, 
75  ;  effects  of  skeletal  changes  in, 
733  ;  in  pleural  effusion,  727. 

Emphysematous  gangrene,  504. 

Empyema,  726  ;  and  pneumothorax, 
729. 

Encapsulation,  297. 
Endarteritis  obliterans,  thrombosis  in, 
115. 

Endocarditis,  causes  of,  55  ;  myocardial 
changes  in,  77,  81. 

 ulcerative,  325  ;  ^  micro-organ- 
isms in,  57. 

Endothelioma,  552. 

Endothelium,  regenerative  processes 
in,  347. 

Eosinophil  cells.    See  Oxyphil  cells. 
Epiglottis  and  swallowing,  708. 
Epilepsy  and  asthma,  716. 
"  Epithelial  pearls,"  559. 
Epithelium,  maintenance  of  type  of, 
342  ;  regeneration  and  repair  of,  341. 

 in  cysts,  characters  of,  574. 

Ergotism,  116. 

Erysipelas  :  and  fever,  473  ;  and 
hsemal  infection,  324  ;  and  im- 
munity, 387  ;  and  local  immunity, 
393  ;  heat  loss  in,  470. 

Eschar,  328. 

Ether  inhalation,  747. 

Evaporation  and  hyperthermia,  433  ; 
and  thermolysis,  423. 

Exophthalmic  goitre,  685. 

Expiration,  effects  of,  upon  circulation, 
704. 

Extra  -  cellular  and  intra  -  cellular 
poisons,  26. 

 destruction  of  bacteria,  404. 

Exudation  :  advantages  and  disadvan- 
tages, 273  ;  coagulability,  216  ; 
colour,  272. 

Eye,  enucleation  of,  cerebral  changes 
after,  535. 

F 

Faeces  :  characters  in  steatorrhea,  615  ; 
incontinence  in  fevers,  458  ;  reten- 
tion, 636  et  seq. 

F»coliths,  667. 

"False  membranes,"  croupous  and 
diphtheritic,  269. 

Fastigial  stage  of  fever,  445. 

Fasting,  respiratory  quotient  in,  431. 

 * —  animals,  temperature  of,  441. 

Fat :  derived  from  proteid,  512 ;  disease 
of  pancreas  and  loss  of,  614  ;  emulsi- 
fication,  615  ;  emulsification  by  bac- 


terial ferments,  615  ;  heat  value,  421, 
428  ;  loss  in  starvation,  245. 

Fat  necrosis,  506. 

Fatty  acids  and  fat  necrosis,  507. 

 change  and  ansemia,  179  ;  and 

cloudy  swelling,  450  ;  in  hyperther- 
mia, 436. 

 degeneration  and  infiltration, 

508. 

Fatigue  and  susceptibility  to  infective 
disease,  385  ;  and  toxicity  of  supra- 
renal extract,  690. 

Feeding  and  production  of  active 
immunity,  388. 

Fever :  aetiology,  462  ;  covering  of 
proteid  by  glucose,  634  ;  essential 
phenomenon,  443  ;  internal  and 
superficial  temperatures,  426  ;  nature 
of  process,  465  ;  nervous  symptoms 
and  cold  baths,  453  ;  respiratory 
exchange,  459  ;  significance,  473  ; 
stages,  444 ;  sweating  in  various 
stages,  455  ;  tongue  in,  449. 

Fibrin  as  nutriment  in  repair,  301  ;  in 
exudations,  216. 

Fibrinoid  degeneration  of  connective 
tissue,  271. 

Fibro-adenoma,  cysts  in,  575. 

Fibroblasts  :  characters,  343  ;  origin, 
344  ;  origin  of  fibrous  tissue  from, 
347  ;  phagocytosis  by,  280. 

Fibro-myoma,  calcification  of,  523. 

Fibrosis,  chronic,  367,  541. 

Fibrous  tissue,  deposition  of  sodium 
biurate  in,  659. 

 stroma  of  new-growths,  570. 

Filarice,  616  (note). 

Filtration,  187. 

Fishes,  oxygen  in  air-bladder  of,  722. 
Fistula,  676  ;  Eck's,  622,  654. 
Flagella,  18. 

Food  and  respiratory  quotient,  430  ; 

and  thermogenesis,  420. 
 improper,  and  susceptibility  to 

infection,  385. 
Food-poisoning,  762. 
Food-stuffs,  heat  values  of,  421. 
Fracture  of  bone,  repair  of,  363. 

 of  rib  and  pneumothorax,  729. 

Fractures,  tendency  to  spontaneous, 

530. 

Fragmentation  of  heart,  765. 
Freezing-point  and  osmosis,  191. 
Friedreich's  paralysis,  531. 
Frost-bite,  gangrene  from,  505. 
Fungi,  classification  of,  12. 

G 

Galactorrhea,  585,  591. 
Gall-bladder,  foreign  bodies  introduced 

into,  667  ;  micro-organisms  in,  417, 

668. 
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Gall-stones,  667. 

Ganglion  cells :  and  nutrition,  532  ; 
calcification  of,  523. 

Gangrene  :  and  ulceration,  328  ;  dry, 
503  ;  emphysematous,  504  ;  follow- 
ing temporary  ischemia,  119  ;  in 
death  from  thirst,  770  ;  in  diabetes, 
619  ;  moist,  119,  503. 

Gaseous  exchange  in  lung,  721. 

Gastric  juice  :  hyperacidity  and  gas- 
tric ulcer,  334  ;  influence  of  vagus  on 
secretion,  583  ;  secretion  of,  583. 

 secretions  in  fever,  454. 

Genealogical  tree  :  digital  malforma- 
tions, 9  ;  haemophilia,  9  ;  spontan- 
eous fracture  of  bone,  531. 

Generalisation  of  a  disease,  566. 

General  paralysis  of  insane  and  inhala- 
tion pneumonia,  708. 

 —  pathology  :  and  diagnosis,  4  ; 

and  prognosis,  6  ;  and  treatment,  5. 

Geographical  distribution  of  special 
diseases,  8. 

Giant-cells,  355  ;  and  phagocytosis, 
281  ;  in  caries,  338  ;  mode  of  forma- 
tion, 356. 

Gigantism,  528. 

Gland :  changes  after  cessation  of 
stimulation,  292  ;  heat  formation 
in,  422  ;  hypersecretion  after  trans- 
fusion, 491  ;  regeneration,  354  ; 
repair,  352. 

Glass,  as  an  aseptic  irritant,  297. 

Glomeruli  and  albuminuria,  607. 

"Glossy  skin,"  533. 

Glucose  :  and  hydremic  plethora,  201  ; 
initial  rate  of  osmosis  of,  204 ; 
lymph-flow  after  injection  of,  208. 

Glycemia  in  diabetes,  621  ;  in  phlo- 
ridzin-diabetes,  627,  628. 

Glycogen  :  fate  of,  622  ;  in  leucocytes, 
624  (note)  ;  in  muscle,  624  (note)  ; 
in  phloridzin-diabetes,  627  ;  in  renal 
epithelium,  620  ;  in  tumours,  551  ; 
seasonal  variation  of,  8. 

Glycolytic  ferment,  624  ;  and  diabetes, 
632. 

 theory  of  diabetes,  630. 

Glycosuria  :  after  experimental  nerve 

lesions,    625  ;     alimentary,    618  ; 

characters  of  patient,  619  ;  kind  of 

sugar  present  in,  618. 
 and  diabetes,  difference  between, 

635. 

Glycuronic  acid  in  urine,  619. 
Goitre  and  cretinism,  681. 

 exophthalmic,  685  ;  tachycardia 

in,  88. 

Gout,  659  et  seq. ;  and  diabetes,  665  ; 

and  lead,  665  ;  chemistry  of,  661  ; 

inflammatory  exudations  in,  272  ; 

premonitory  symptoms  in,  660. 
Grafting  of  epithelium,  341  (note). 


Grafting,  subcutaneous,  of  pancreas, 
627;  of  thyroid,  684. 

"  Grafts"  in  cancer,  562. 

Granulation  loops,  349. 

 tissue,  345,  351  ;  and  sarcoma, 

561,  562,  565  ;  and  septic  intoxica- 
tion, 362. 

"  Granulations  "  on  cardiac  valves,  56. 
Granules  in  cloudy  swelling,  522  ;  in 

oxyphil  cells,  281. 
Graves'  disease,  685. 
Gravity  :  and  distribution  of  oedema, 

241  ;  and  the  circulation,  lS2(note) ; 

and  venous  congestion,  129. 
Growth  and  osmosis,  541. 
 of  offspring  of  diseased  parents, 

500  (note). 
"  Growth-liberation,"  540  ;  and  cysts, 

574  ;  and  hypertrophy,  540  ;  and 

neoplasms,  569. 

H 

H/emal  infection  and  local  lesions,  380. 
Hemathidrosis,  594. 
[  Hsematoidin,  526. 
Hematoma,  573. 

Hsematopoiesis,  174  ;  and  spleen,  178. 

Hematuria,  595  ;  endemic,  595  ;  in 
malignant  disease,  597  ;  in  nephritis, 
596  ;  with  renal  calculi,  597. 

Haemoglobin,  absence  of,  in  serum  of 
hyperthermic  animals,  452.  ' 

 and  oxygen-tension,  743. 

Hemoglobinuria  :  and  malaria,  598  ; 
causes  of,  598  ;  from  muscular  exer- 
tion, 600  (note)  ;  paroxysmal,  598  ; 
toxic,  163,  598. 

Hemoglobin  uric  fever,  598,  599. 

Hemolysis :  and  hsemoglobinuria,  598  ; 
toxic,  163,  675. 

Hemophilia,    anaemia    in,    158  ;  co- 
agulability of  blood  in,  146  ;  leu- 
cocytes in,  160. 
|   Hemophilic  family,  genealogical  tree 
|      of,  9. 

Haemorrhage,  133  ;  anaemia  following, 
157  ;  and  collapse,  480  ;  and  shock, 
481  ;  blood-pressure  in,  133  ;  by  in- 
testine, 594  ;  from  diminished  sup- 
port of  vessels,  131  ;  into  new- 
growths,  555  ;  leucocytosis  after, 
182  ;  velocity  of  issuing  blood -stream, 
134. 

 cerebral  and  increased  thermo- 

genesis,  437. 

 in  typhoid  fever,  and  tempera- 
ture, 446. 

Haemorrhages  in  anaemia,  180. 

Hemorrhagic  infarct.    See  Infarct. 

Hemosiderin,  525. 

Hemostasis,  118  ;  and  oedema-forma- 
tion, 224. 

3  D 
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Health  and  disease,  2. 

Heart :  afferent  nerves,  84 ;  arrest  and 
centripetal  impulses,  481,  482  (note) ; 
arrest  in  death  by  electric  shock, 
771  ;  brown  atrophy,  536  ;  changes 
in  asphyxia,  77  ;  changes  in  emphy- 
sema, 75  ;  changes  in  diphtheria,  81  ; 
changes  in  pulmonary  conditions, 
76  ;  congenital  malformation,  85  ; 
dilatation,  65  et  seq. ;  dilatation  and 
orthopnoea,  755  ;  dilatation  of  right 
side,  70  ;  effects  of  bacterial  toxins, 
81  ;  effect  of  chloroform,  747  ; 
effect  of  ether,  749  ;  effects  of  pleural 
effusion,  728  ;  effects  of  pneumo- 
thorax, 729  ;  effect  of  supra-renal  ex- 
tract, 690  ;  estimated  heat  forma- 
tion, 422  ;  failure,  74  ;  fatty  changes, 
510  ;  fibrosis,  542  ;  fragmentation, 
765  ;  output  after  transfusion,  490  ; 
nerves,  91  ;  quantity  of  residual 
blood,  66  ;  reflex  inhibition  and 
shock,  482  ;  reserve  power,  72  ; 
rupture,  80  ;  weight  of  hyper - 
trophied,  70  {note). 

Heart-action :  effects  of  acids  and 
alkalies,  80  ;  effects  of  ansemia,  80  ; 
effect  of  blood-changes,  80  ;  in  fever, 
453  ;  in  hyperthermic  dog,  435  ;  in 
shock,  479. 

Heart-beats :  idio-ventricular,  89  ; 
periodic  grouping  of,  759. 

Heart-disease,  compensation  in,  69, 
72  ;  principles  directing  treatment, 
75  (note). 

Heart,  ganglia  of,  changes  in,  81. 

Heart-muscle,  changes  in  hyper- 
trophied,  536  ;  various  changes  in, 
79. 

Heart-rhythm,  variations  of,  86  et  seq. 

Heart-sounds :  abnormal — see  Mur- 
murs ;  reduplication  of,  91. 

Heart-valves :  chronic  fibrosis,  58  ; 
liability  to  disease,  55  ;  murmurs  due 
to  lesions,  61  ;  nature  of  vegetations, 
56. 

Heart-wall  :  effects  of  valvular  lesions, 
68  ;  hypertrophy,  67  et  seq. 

Heat,  "  active  immunisation  "  against, 
433  ;  and  fatty  changes,  511,  514  ; 
inflammation  caused  by,  285. 

 and  cold  :  as  causes  of  patho- 
logical change,  440  ;  influence  on 
temperature  of  mouth,  429. 

 apoplexy,  433,  434,  448. 

 centres,  cerebral,  428,  436. 

 dyspnoea,  740. 

 loss  and  fever,  468. 

 regulation  :  and  development  at 

birth,  438  ;  means  employed  in,  427. 

 retention.    See  Hyperthermia. 

 values  of  food-stuffs,  421. 

 work,  and  potential  energy,  422. 


Hemiplegia,  respiration  in,  736. 

Hepatic  glycogen  and  diabetes,  627. 

!<  Hepatisation  "  of  lung,  268. 

Hepatitis,  acute,  changes  in,  283. 

Hibernation :  Cheyne-Stokes  respira- 
tion in,  760. 

Hodgkin's  disease,  171. 

Humoral  theory  of  immunity,  406. 

Hunger  and  susceptibility  to  infective 
disease,  385. 

Hyaline  cells,  151  ;  at  focus  of  in- 
flammation, 278  ;  in  repair,  346. 

 change,  the,  521. 

Hydremia  and  cachectic  oedema,  220. 

Hydrsemic  plethora :  and  acute  renal 
dropsy,  221,  234  ;  and  lymph-flow, 
201  ;  and  oedema,  220. 

Hydrobilirubin  in  fseces,  673. 

Hydronephrosis,  646. 

Hydruria,  587. 

Hypersemia ;  active  and  paralytic, 
122  ;  arterial,  122  ;  from  dimin- 
ished pressure,  130 ;  hypertrophy 
in  venous,  128  ;  hypostatic,  131  ; 
mechanical,  and  albuminuria,  610  ; 
venous,  126. 

Hyperhidrosis,  590. 

Hyperplasia,  528. 

Hyperpyrexia,  447  ;  cold  baths  in,  453. 

Hyperpyrexia!  and  hyperthermic  tem- 
peratures, comparison  of,  448. 

Hyperthermia,  432  ;  anatomical  lesions 
following,  435  ;  and  fatty  changes, 
514  ;  and  pyrexia,  distinctions  be- 
tween, 472. 

Hypertrophy  and  hyperplasia,  536  ; 
and  venous  congestion,  128. 

Hypnotic  suggestion  and  inflammation, 
289. 

Hypoplasia,  528. 
Hypothermia,  439. 
Hysteria,  polyuria  in,  587. 
Hysterical  patients  and  hyperthermia, 
438. 

I 

Icterus  neonatorum,  671,  676. 
Imbibition  in  reference  to  absorption, 
251. 

Immobility    and    arrest    of  irritant 

action,  298. 
Immunity,  active,  386. 
 active  acquired,  386  ;  and  age 

of  individual,  384  ;  and  alkalinity  of 

blood,  451;  differences  between  active 

and  passive,  390 ;  inherited,  392  ; 

limit  of  acquired,  388  ;  local,  393  ; 

passive,  389 ;   specificity  of,  410 ; 

theories  of  acquired,  401. 
Incompetence  of  aortic  valves,  61  ;  of 

mitral    valves,    62  ;    of  tricuspid 

valves,  63. 
Incubation,  375. 
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Incubation  period  :  pathological  mean- 
ing of,  376  ;  of  chemical  poisons, 
763. 

Indicanuria,  677. 

"  Indifferent"  substances,  190  {note). 
Indiguria,  677. 

Infantile  paralysis  and  nutrition,  502. 
Infarct,  formation  of,  105  ;  pulmonary, 
110. 

Infarction,  later  changes  after  aseptic, 
331. 

Infection,  bacterial  factors  in  influenc- 
ing, 394  ;  haemal,  in  local  infective 
disease,  324  ;  the  agent  in,  375  ; 
indirect,  378. 

Infective  disease,  373  ;  and  fragmen- 
tation of  heart,  766  ;  change  of  type, 
380 ;  toxic  action  in,  376  ;  types 
of,  379  ;  types  in  different  animals, 
380. 

 diseases  and  leuchaemia,  170. 

  theory  of  malignant  new- 
growths,  560. 

Infiltrations  and  degenerations,  507. 

Inflammation :  after  hypnotic  sugges- 
tion, 289  ;  and  repair,  299  ;  chronic, 
367  ;  degeneration  and  proliferation 
in  region  of,  282  ;  effect  of  nature  of 
irritant,  284  ;  effect  of  tissue  on  type, 
287;  "  essential "  factors,  368  ;  giant- 
cells  in  chronic,  356  ;  parenchyma- 
tous, 283  ;  pathological  sequels, 
304  ;  phenomena,  259  ;  physiological 
sequels,  294  ;  spread,  286,  302  ; 
significance,  367  ;  tissue  changes  in, 
282  ;  variations  in  type,  284  ;  wan- 
dering cells  at  focus,  277. 

Influenza  and  immunity,  387. 

Inhalation-pneumonia,  708. 

Inheritance  of  gout  and  diabetes,  665  ; 
of  haemophilia,  9  ;  of  malformations, 
9. 

Inherited  susceptibility  and  immunity, 
390. 

"Inhibition  of  exchange,"  483;  and 

death  after  burns,  767. 
Initial  rate  of  osmosis,  203. 
Injury  and  attacks  of  gout,  663. 

 seats  of,  and  pyaemia,  327. 

Inoculation,   seat  of,  and  infection, 

395. 

Insolation.    See  Sunstroke. 
Inspiration,  effects  of,  upon  circulation, 
704. 

Intention,  healing  by  first,  359  ;  heal- 
ing by  second,  361. 

Internal  secretion  :  of  kidney,  658  ;  of 

f  pancreas,  632;  of  pituitary  body,  692; 
of  salivary  glands,  694  ;  of  sex-glands, 
693  ;  of  spleen,  694  ;  of  supra-renal 
bodies,  688,  690;  of  thyroid  body,681. 

Intestine,  loss  of  albumin  by,  602. 

Intestinal  obstruction,  anuria  in,  640. 


Intra-cellular  digestion,  279  (note). 

 poisons,  26. 

Intra-thoracic  pressure,  704. 

Intermittence  of  pulse,  88. 

Iodothyrin.    See  Thyroiodin. 

Irregularity  of  pulse,  89. 

Irritant.    See  also  Inflammation. 

Irritants :  and  stimuli,  299  ;  complex 
nature,  293  ;  dilution,  296  ;  effects 
on  living  tissue,  290  ;  intensity  and 
pus-formation,  313 ;  intensity  and 
type  of  inflammation,  286  ;  organised 
and  unorganised,  285  ;  primary  and 
subordinate,  293 ;  removal,  296  ; 
varieties,  284. 

Irritant  action,  arrest  of,  295. 

Ischaemia,  104  et  seq. ;  causes,  108  et 
seq.;  of  nervous  origin,  115;  tem- 
porary, 117. 

Isotonic  solutions,  191. 

J 

Jaundice,  bradycardia  in,  88. 

Jaundice,  670  ;  exudations  in,  272  ; 
from  obvious  obstruction,  672  ;  in- 
fantile, 671,  676  ;  toxaemic,  673. 

Joints :  affected  in  gout,  659,  663  ; 
"  trophic  "  changes  in,  546. 

K 

Kairin,  action  of,  463. 

Kidney  :  absorption  by  tubules,  588  ; 
changes  in  diabetes,  620  ;  chronic 
fibrosis,  542  ;  chronic  fibrosis  and 
polyuria,  587,  588,  589  ;  function  in 
fever,  456  ;  hypertrophy,  537  ;  lar- 
daceous  change,  516  ;  passage  of 
micro-organisms  through,  679  ;  re- 
generation, 354  ;  secretion  and 
blood-pressure,  581  ;  "  uratic,"  660  ; 
urine  and  urea  excretion  after  nearly 
complete  extirpation,  656. 

 disease  of,  and  Cheyne-Stokes 

respiration,  757. 

Kilocalorie,  421  (note). 

Koch's  "  postulates,"  43. 

L 

Lactic  acid  in  febrile  blood,  450. 
Landry's  paralysis  and  disorders  of 

respiration,  735. 
Laparotomy,  specific  gravity  of  blood 

in,  487. 
Lardacein,  characters  of,  515. 
Lardaceous  change,  the,  514  ;  earliest 

onset,  518  ;  experimental  production, 

517  ;  nature,  518  ;  seats,  516. 

 and  hyaline  changes,  515. 

 disease,  dropsy  of,  234. 

Laryngitis,  cough  in,  703. 
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Larynx,  disorders  of,  and  modified  res- 
piration, 702,  707. 

Latency  of  bacteria,  315  (note). 

 in  infective  disease,  414. 

Lead  and  gout,  665. 

 palsy     involving  respiratory 

muscles,  735. 

Lecithin :  and  fatty  changes,  513 ; 
presence  in  adrenal  bodies,  692. 

Leprosy,  latency  of,  414. 

Leuchsemia,  169  ;  and  infective  diseases, 
170  ;  origin  of  leucocytes,  176  ;  uric 
acid  excretion,  461  ;  varieties,  170. 

Leucin  and  tyrosin  in  gangrenous  mass, 
504  ;  in  pus,  306. 

Leucocytes :  and  alkalinity  of  blood, 
451  ;  and  fibroblasts,  344  ;  and 
phagocytosis.  279  ;  atypical,  of  leu- 
chaemia,  173  ;  conditions  necessary 
for  migration,  274  ;  disintegration 
and  uric  acid,  461  ;  glycogen  in, 
624  (note)  ;  margination  in  inflam- 
mation, 260,  275  ;  migration,  261  ; 
numbers,  152  ;  proteolysis  by,  312  ; 
varieties  migrating  in  inflammation, 
277  ;  varieties  in  the  anaemias,  172. 

Leucocythaemia.    See  Leuchsemia. 

Leucocytosis  and  leukopenia,  152,  180. 

 after  food,  152  ;  after  malarial 

attacks,  162. 

 artificial,  and  uric  acid  excre- 
tion, 462. 

Leucolysis,  183. 

Leucopenia,  183  ;  in  starvation,  153. 
Life  under  aseptic  conditions,  764. 
Lipolytic  ferment  and  fat  necrosis, 

507  ;  and  steatorrhcea,  615. 
Liquefaction  in  abscess- formation,  311. 
Liquor  puris,  305,  311. 
Lithaemia,  660,  663. 
Lithopsedion,  523. 

Liver  :  and  coagulation  of  blood,  141  ; 
and  formation  of  urea,  655  ;  and 
phloridzin-diabetes,  627 ;  changes 
in  acute  inflammation,  283  ;  cir- 
rhosis, 543  ;  extirpation  and  bile-pig- 
ments, 672  ;  functions  in  fever,  455, 
458  ;  glycogenic  function,  622  ;  lar- 
daceous  change,  516  ;  regeneration, 
354  ;  seasonal  variation  of  glycogen 
in,  8. 

Lung  :  carnification,  727  ;  collapse, 
720  ;  diseases  of,  and  disordered 
respiration — see  Synopsis,  Chapter 
XIV.  ;  gangrene,  268,  304  ;  gaseous 
exchange,  721  ;  oedema,  237. 

Lupus,  giant-cells  in,  357. 

Lymphadenoma,  171. 

Lymphagogues,  199. 

Lymphangeitis,  319. 

Lymphatics  in  absorption,  249. 

Lymph  :  characters  of  hepatic,  200  ; 
modifications  and  nutrition,  500. 


Lymph-formation,  196  et  seq. 
Lymphocytes  :  and  phagocytosis,  281  ; 

as  common  origin  of  wandering  cells, 

176. 

Lympho-sarcoma,  171. 
Lysis,  defervescence  by,  446. 

M 

Macrophages,  151 ;  giant  cells  as,  357. 

Malaria  :  anaemia  in,  160  ;  and  hemo- 
globinuria, 598  ;  and  relapses,  416  ; 
oedema  in,  230  ;  without  rise  of  tem- 
perature, 471. 

Malarial  protozoa,  160  (note). 

Malignancy,  criteria  of,  549. 

Malignant  disease,  oedema  in,  230. 

 disease  of  lung,  pleural  effusion 

in,  726. 

 new-growths,    characters  of, 

552  ;  infective  theory  of,  560. 

Margaric  acid  in  gangrene,  504. 

Margination  of  leucocytes,  260. 

Marie's  osteo-arthropathy,  547. 

"  Markzellen,"  152,  173  (note). 

"Masked"  iron,  525. 

"Mastzellen,"  150,  173. 

Mechanical  factors  on  inflammation, 
influence  of,  268,  288. 

Medulla  oblongata,  lesions  of,  and  dia- 
betes, 61. 

 of  bone,  giant-cells  in,  355. 

Megaloblasts,  147  ;  significance  of, 
|  160. 

Megalocytes,  147  ;  in  pernicious 
|      anaemia,  164. 

Melaena,  594. 
!   Melanin,  526  ;  in  malarial  parasites, 
161. 

Menstruation  :    and  uterine  glands, 

354  ;  and  nervous  prostration,  478  ; 

vicarious,  678. 
Mental    symptoms    in  exophthalmic 

goitre,   686  ;    in  myxcedema,  682 

(note). 

'   Mercury,  salivation  produced  by,  591. 

Metabolic  products  and  lymph-forma- 
tion, 226,  227  ;  and  oedema-forma- 
tion, 227,  232,  234. 

Metabolism  :  and  cerebral  lesions,  437  ; 
and  low  external  temperature,  432  ; 
and  rise  of  temperature  in  fever, 
471  ;  effect  of  anaesthetics  upon, 
443  ;  increased  proteid  metabolism, 
without  rise  of  temperature,  471. 

Metastases  in  tubercule,  sarcoma,  and 
carcinoma,  563,  566. 

Micrococcus,  13. 

Microcytes,  147. 

Micro-organisms :  and  gall-stones, 
668  ;  in  pulmonary  infarct,  113  ; 
pyogenetic,  315.    See  also  Bacteria. 

Migraine  and  asthma,  716. 
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Migration  of  leucocytes,  261. 

Milk  :  as  a  carrier  of  infection,  378  ; 
excessive  secretion  —  see  Galacto- 
rrhea ;  presence  of  diphtheria  bacilli 
in,  680 ;  secretion  in  fever,  455. 

Miner's  lung,  527. 

Moisture,  influence  of,  in  production 

of  hyperthermia,  433. 
Moulds,  12. 

Mountain-sickness,  743. 
Mouth,  temperature  of,  variations  in, 
429. 

Mucin,  520  ;  and  sugar,  629. 
Mucoid  change,  520  ;  in  sarcoma,  554. 
Mucous    membranes,    irritation  of, 
592. 

Mucus,  520  :  hyper-secretion,  592  ;  in 
cystitis,  645  ;  in  diarrhoea,  586. 

Multipolar  cells  of  cord  and  nutrition, 
502. 

Mummification,  503. 

Muscles  :  and  thermogenesis,  421  ; 
changes  in  inflammation,  283  ;  dis- 
appearance of  sugar  in,  623  ;  forma- 
tion of  urea  by,  655  :  glycogen  in, 
624  (note)  ;  repair,  352. 

 paralysis  of  respiratory,  735. 

Muscle-proteids,  coagulation  of,  and 
hyperthermia,  435. 

Muscular  work  :  and  hemoglobinuria, 
600  (note)  ;  and  hyperthermia,  433, 
434  ;  and  respiratory  exchange  in 
fever,  459  ;  and  respiratory  quotient, 
431. 

Murmurs,  cardiac  :  characters  of,  61  ; 
physics  of,  63  ;  variations  of,  65. 

Mycelial  forms  and  infection,  379. 

"Myelocytes,"  173. 

Myxoedema,  681  ;  coincident  with 
exophthalmic  goitre,  686  ;  hypo- 
thermia in,  441. 

N 

Natural  and  acquired  immunity,  407. 
Necrobiotic    degeneration    of    blood - 

corpuscles,  147. 
Negative  chemiotaxis,  277. 
Neoplasms,  the,  548. 
Nephritis  :    dropsy   of   acute,   234  ; 

dropsy  of  chronic,  235  ;  in  diabetes, 

620. 

Nerve,  regeneration  and  repair  of,  353. 

Nervous  disease  :  and  fragmentation  of 
heart,  766  ;  and  hypothermia,  441. 

"  Nervous  shock,"  483. 

Nervous  system :  and  adrenals,  689  ; 
and  asthma,  715  ;  and  atrophy,  532  ; 
and  constipation,  637  ;  and  diabetes 
insipidus,  590  ;  and  diabetes  melli- 
tus,  631  ;  and  exophthalmic  goitre, 
686  ;  and  glycsemia,  631  ;  and 
growth,  539  ;  and  heat  regulation, 


420  ;  and  inflammation,  288  ;  and 
nutrition,  501  ;  and  pigmentation, 
689  ;  and  secretion,  582  ;  and 
thermogenesis,  428  ;  and  ulceration, 
333  ;  experimental  lesions  and 
glycosuria,  625  ;  fatigue  and  perio- 
dicity of  muscular  contraction,  760  ; 
in  fever,  458. 

Neurasthenia,  constipation  in,  638. 

Neuro-secretory  theory  of  diabetes,  631. 

Nucleo-albuminuria,  611,  612. 

New-born,  leucocytosis  of,  153  ;  poly- 
cythsemia  of,  148. 

New-growths,  548  ;  classification, 
549  ;  definition,  548  ;  fibrous 
stroma,  571 ;  histological  characters, 
551  ;  leucocytosis  with  malignant, 
181  ;  nutritional  changes  of,  554  ; 
pathogenesis,  555  ;  removal  and 
effect  upon  blood,  167  ;  transmission, 
561. 

Nitrogenous  metabolism :  and  anti- 
pyretics, 464  ;  and  cerebral  lesions, 
437  ;  in  fever,  459. 

Normoblasts,  147. 

Normothermia,  423. 

Nuclei :  and  action  of  toxins,  510  ;  in 
giant-cells,  355  ;  proliferation  with 
atrophy,  535. 

Nucleo-proteids  and  coagulation,  506  ; 
and  uric  acid  group,  460. 

Nucleo-proteid  and  albumin,  destruc- 
tion of,  in  fever,  461. 

Nutriment  for  proliferating  cells,  301. 

Nutrition,  inherited  fault  of  cell  in, 
500. 

O 

Obstruction,  intestinal  :  acute,  639  ; 
chronic,  639  ;  from  fsecal  accumula- 
tion, 641. 

(Edema  :  absence  in  congenital  heart- 
disease,  86  ;  after  hamiostasis,  224  ; 
after  ligature  of  arteries,  229  ;  and 
obstruction  of  lymphatics,  221  ; 
blood  -  vessels  in,  240  ;  cachectic, 
214,  219,  230  ;  cardiac,  241,  247  ; 
chlorotic,  214  ;  Cohnheim's  views, 
219  ;  distribution,  241  ;  from 
poisoning  with  curare,  240  ;  Ham- 
burger's views,  222  ;  inflammatory, 
213,  231  ;  inlardaceous  disease,  236  ; 
Lazarus  -  Barlow's  views,  222  ;  of 
lungs,  237  ;  passive,  212,  217,  232  ; 
"physiological,"  228;  renal,  213, 
221  ;  Starling's  views,  222. 

(Edema-fluid  :  absorption  of,  248  et 
seq.;  coagulation  of,  216;  composi- 
tion of,  214  ;  source  of,  245. 

(Edema- formation,  212  ;  definition, 
246  ;  demand  and  supply  in,  246  ; 
importance  of  blood-vessels  in,  238  ; 
importance  of  tissues  in,  225. 
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Old  age  and  rigidity  of  thorax,  733  ; 
and  susceptibility  to  infective  disease, 
384. 

Oligochromsemia,  165. 
Oligocythemia,  157  ;  in  febrile  disease, 
452. 

Oligoplasmia  in  fever,  450. 

Onset,  rapidity  of,  and  severity  of 
symptoms  :  in  intra  -  pericardial 
effusion,  53  ;  in  intra  -  pleural 
effusion,  726  ;  in  lobar  pneumonia, 
719  ;  in  orthopncea,  755. 

Orthopncea,  754. 

Osmosis :  and  growth,  541  ;  between 
"isotonic"  solutions,  205;  initial 
rate,  203  ;  initial  rate  and  freezing 
points,  205  ;  in  reference  to  absorp- 
tion, 251  ;  phenomena  of,  189. 

 in  lymph-formation,  criticism 

of,  211. 

Osmotic  equilibrium  of  serum,  252. 

 pressure,  final,  190. 

Osteitis,  rarefying,  336. 
Osteoclasts  in  caries,  338. 
Osteo-malacia,  545. 
Osteomyelitis  and  pyaemia,  323. 
Ovarian  cysts,  dentigerous,  573. 
Ovaries  and  internal  secretion,  693. 
Oxalates  and  coagulation  of  blood,  140. 
Oxalaturia,  669. 

Oxybutyric  acid  in  diabetic  urine, 

620  ;  in  febrile  urine,  458. 
Oxygen  capacity  of  red  blood-corpuscles, 

166. 

 consumption    and  muscular 

work,  431. 

 deficiency  of,  and  fatty  change, 

508,  513  ;  and  respiration,  742. 

 tension  :  and  mountain-sick- 
ness, 743 ;  and  oxyhemoglobin,  743  ; 
of  alveolar  air,  723  ;  of  arterial  blood, 
722,  723. 

Oxyphil  cells,  151  ;  and  defence  of 
organism,  406  ;  and  phagocytosis, 
280  ;  at  focus  of  inflammation,  278  ; 
finely  granular,  in  leucocytosis,  181  ; 
in  the  anaemias,  173  ;  nature  of 
granules,  281  ;  varieties,  149. 

P 

"  Pabulum  "  and  immunity,  402. 
Pain  in  reference  to  shock,  478. 

 effects  upon  respitation,  732. 

Palpitation,  87. 

Pancreas  :  and  diabetes,  632  ;  and  fat 
necrosis,  506  ;  extirpation  and 
diabetes,  625  ;  histological  changes 
in  diabetes,  620  ;  removal,  and 
infection,  385. 

Pancreatic  juice  and  steatorrhoea,  613  ; 
and  stimulation  of  vagus,  631  (note). 

Paracentesis,  faintness  after,  496. 


Paralysis  of  respiratory  muscles  and 

respiration,  735. 
Paraplastic  granules,  281. 
Parasites,  obligatory,  and  contagion, 

377. 

Parasitic  theory  of  cancer,  criticism  of, 
566. 

 theory  of  new-growths,  560. 

Parathyroids  and  myxcedema,  683. 
Parenchymatous  inflammation,  283. 
Parturition,  saprsemia  after,  321. 
Passive  immunity,  389. 
Pasteur's  culture-medium,  35  {note). 
Pathogenicity,  40. 

Pathological  sequels  of  inflammation, 
304. 

"  Pebrine  "  and  latency  of  disease,  415. 
Pellagra,  116. 

Peptone  and  coagulation  of  blood,  141. 
Peptonuria.    See  Albumosuria. 
Pericardial  effusion,  pathology  of,  49. 
Pericardium  :  adherent,  54  ;  diseases 

of,  47  et  seq.;  rupture  of  aneurysm 

into,  53. 

Periodicity  in  breathing.  See  Cheyne- 
Stokes  respiration. 

  of  nervous  discharge,  experi- 
ments on,  760. 

Periosteum,  inflammation  of,  268. 

Peristalsis,  increased,  and  diarrhoea, 
586. 

Peritonitis,  639  ;  constipation  in,  637 
(note) ;  prostration  in,  480  ;  respira- 
tion in,  732. 

Permeability  and  lymph-  and  oedema- 
formation,  210  (note). 

 of  vessel  wall  and  lymph-flow, 

200. 

Pernicious  anaemia,  164  ;  and  fatty 
changes,  510  ;  and  hsemosiderin,  525. 

Pfeiffer's  phenomenon,  400. 

Phagocytic  theory  of  immunity,  402, 
414  ;  objections  to,  403. 

Phagocytosis,  279 ;  and  proteolysis, 
312  ;  and  removal  of  bone,  337  ;  and 
removal  of  solid  irritants,  296  ;  and 
immunity,  414  ;  by  giant-cells,  357  ; 
cells  concerned  in,  280  ;  nature  of 
function,  280  ;  of  agar-agar,  296  ; 
significance  of,  404. 

Phagolysis,  403,  405. 

Pharynx,  morbid  conditions  of,  and 
disordered  respiration,  701. 

Phenomenon,  Pfeiffer's,  400. 

Phleboliths,  144. 

Phlegmasia  dolens,  129. 

Phloridzin-diabetes,  627  ;  and  liability 
to  infection,  385. 

Phosphaturia,  587  ;  and  diabetes,  620. 

Phosphorescence,  24. 

Phosphorus,  action  of,  513  ;  and  fatty 
degeneration,  511,  512;  and  hyper- 
trophy, 539  ;  in  febrile  urine,  458. 
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"  Pictou  disease"  of  cattle,  543. 
Pigments  :  haematogenous,  525  ;  non- 

haematogenous,    526  ;  production 

by  bacteria,  22. 
Pigmentation,  525. 

Pituitary  body,  general  pathology  of, 
691. 

  and  thyroid  bodies,  relations 

between,  684,  692. 

Pleomorphism  of  bacteria,  36. 

Pleurae  and  pleural  cavities,  724  et  seq. 

Pleural  effusion :  effects  upon  respira- 
tion, 726. 

Pleurisy,  724 ;  fibroid,  366  ;  recur- 
rences of,  725. 

Pneumococcusand  fibrinous  exudations, 
217  ;  experiments  with,  and  fever, 
473. 

Pneumonia,  lobar :  gangrene  in,  268  ; 
leucocytosis  in,  181  ;  loss  of  heat  in, 
470  ;  in  drunkards,  304  ;  resolution 
of,  294  ;  respiration  in,  718. 

 lobular,  712. 

Pneumokonioses,  527,  719. 

Pneumothorax,  728  ;  and  shock,  479  ; 
pressure  of  air  within,  730. 

"  Pock-marks,"  352. 

Poikilocytes,  147. 

Poisons  :  and  cloudy  swelling,  522  ;  and 
fatty  change,  510  ;  and  glycosuria, 
619  ;  and  hemoglobinuria,  598  ;  and 
shock  and  collapse,  496  ;  excretion 
by  special  paths,  680. 

"  Polycholia,"  672. 

Polycythaemia,  148. 

Polyuria,  587. 

Predisposition.    See  Susceptibility. 

Pregnancy,  albuminuria  of,  612. 

Pressure  atrophy,  529  ;  and  rupture 
of  aneurysm,  102. 

  effects  of  altered  intra-peri- 

cardial,  49. 

 final  osmotic,  190. 

 of  ascitic  fluid  in  abdomen,  216. 

Prostate,  hypertrophy  of :  and  micturi- 
tion, 717  ;  and  retention  of  urine, 
642. 

Proteid  :  and  fatty  changes,  450,  508  ; 
chemical  products  of  decomposition, 
762  ;  effect  on  osmosis,  206  ;  forma- 
tion of  sugar  from,  629  ;  heat  value, 
421  ;  in  thermogenesis,  431. 

 food  :  and  gout,  664  ;  influence 

upon  uraemia,  654. 

 metabolism  :  effect  of  carbohy- 
drate diet  on,  635  ;  in  fever,  459  ; 
in  phloridzin-diabetes,  627  ;  in 
phosphorus-poisoning,  512. 

 undigested,  in  stools,  602  (note). 

Proteolysis  and  abscess-formation,  312. 

Protozoa,  digestion  by,  279  (note) ;  in 
cancer,  564  (note) ;  in  haemoglobin- 
uric  fever,  599  ;  in  malaria,  160. 


Pseudo-hypertrophic  muscular  paral- 
ysis, 531. 

Pseudo-leuchaemia,  171. 

Pseudo-mucin,  520. 

Ptomaine-poisoning,  763. 

Ptyalism,  591,  592. 

Puerperal  eclampsia,  613,  658. 

Pulmonary  arteries,  obstruction  of,  76. 

 emphysema,  705. 

 infarct  and  apoplexy,  101. 

Pulsation,  capillary,  135  ;  venous,  135. 

Pulse,  alternating,  89  ;  intermittence 
of,  88  ;  irregularity  of,  89  ;  rapid, 
87  ;  slow,  88. 

 in  fever,  explanation  of  rapid, 

453. 

 retarded,  in  aneurysm,  101. 

 smallness  of,  in  aneurysm,  100. 

Pus,  characters  of,  305. 
 sterile,  315. 

Pus-cells  and  leucocytes,  308  ;  granules 

in,  306  ;  sources  of,  307. 
Putrefaction  :  and  gangrene,  504  ;  and 

sapraemia,  312 ;  hemosiderin  in,  526  ; 

of  pus,  307  ;   varieties  of  bacteria 

concerned  in,  763. 
Pyaemia,  septicaemia,  and  sapraemia, 

319. 

  abscesses  in,  322  ;  micro- 
organisms in,  323. 

Pyaemic  abscess  and  cancerous  meta- 
stasis, 567. 

"  Pyogenetic  cocci,"  318. 

Pyogenetic  cocci  and  lardaceous  change, 
517,  519.# 

Pyonephrosis,  646. 

Pyopneumothorax,  730. 

Pyrexia.    See  Fever. 

Q 

"  Quarter-evil,"  504. 
Quinine,  antifebrile  action  of,  464. 

R 

Rabies,  immunisation  against,  389. 
Racial  distribution  of  special  diseases, 
8. 

Rales,  712. 

Raynaud's  disease,  117. 

Redness  in  inflammation,  265. 

References  to  Chapter  I.,  10  ;  Chapter 
II.,  45;  Chapter  III.,  92;  Chapter 
IV.,  138  ;  Chapter  V.,  183  ;  Chapter 
VI.,  256;  Chapter  VII.,  290; 
Chapter  VIIL,  372;  Chapter  IX., 
418  ;  Chapter  X.,  475  ;  Chapter  XI., 
497  ;  Chapter  XII.,  575  ;  Chapter 
XIII.,  694;  Chapter  XIV.,  761; 
Chapter  XV.,  772. 

Reflexes  in  fever,  458. 

Regeneration  of  tissues  in  lower  ani- 
mals, 340. 
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Regurgitation,  tricuspid,  and  venous 
congestion,  129. 

Relapsing  fever,  micro-organisms  in 
attacks  of,  416,  462. 

Relapses,  the  pathology  of,  416. 

Renal  calculi,  668. 

 dyspnoea,  740. 

 oedema,  distribution  of,  243, 

Repair  :  absence  of  irritation  at  seat  of, 
299  ;  and  pus-formation,  361  ;  con- 
ditions necessary  for,  298  ;  identity 
of,  303  ;  nutriment  for  cells  in,  301. 

 potential :    zone  of,    302  ;  in 

ulceration,  332. 

Resolution  and  repair,  association  of, 
293. 

 comparison  of,  with  inflamma- 
tion, 295. 

Respiration  :  and  loss  of  heat,  423  ; 
after  electric  shocks,  771  ;  in  fever, 
454  ;  in  hemiplegia,  736  ;  in  hyper- 
thermia, 434  ;  in  hypothermia,  439  ; 
in  lobar  pneumonia,  719  ;  in  peri- 
tonitis, 732  ;  in  stenosis  of  larynx  or 
trachea,  707  :  in  the  amemias,  178  ; 
in  the  sexes,  734  (note)  ;  in  typhoid 
fever,  700. 

Respiratory  centre  :  and  asthma,  716  ; 
in  Cheyne-Stokes  breathing,  759. 

 exchange  after  cerebral  lesions, 

437  ;  in  fever,  459. 

 quotient,fthe,  430  ;  in  diabetes, 

630. 

Respired  air,  specific  poison  in,  746. 

Rest  and  movement,  effects  of,  on  in- 
flammation, 288. 

Resuscitation  after  prolonged  im- 
mersion, 768. 

Retention  of  urine,  642. 

"Retention  of  urine  with  inconti- 
nence," 644. 

Retention-cysts,  pathology  of,  573. 

Rheumatoid  arthritis,  546. 

Rhonchus,  712. 

Rhythmic  contraction  of  frog's  heart, 
759. 

Ricin  and  passive  immunity,  389. 
Rickets,  545  ;  anaemia  in,  168. 
Rigor  in  initial  stage  of  fever,  445. 
Rophaloccphalus  carcinomatosus,  564 
(note). 

Rupture  of  blood-vessels,  101  et  seq.; 
of  heart,  80. 

S 

Sago-spleen,  516. 

Saliva  :  hyper- secretion,  591  ;  nerves 
concerned  in  secretion,  582  ;  para- 
lytic secretion,  533,  592  ;  secretion 
in  fever,  454. 

Saprsemia,  320  ;  after  burns,  768. 

Saprophytism  and  parasitism,  21. 

Sarcina,  13. 


Sarcoma,  leucocytosis  with,  182  ;  toru 

lse  in,  565. 

 melanotic,  pigment  in,  526. 

 and  carcinoma,  characters  of, 

552. 

Scar,  formation  of,  352,  360. 

Scarlatina,  leucocytes  in,  181. 

Scarlatinal  albuminuria,  458. 

Scirrhus  of  breast,  atrophy  of  cells  in, 
554  ;  fibrous  tissue  in,  571. 

Scleroderma,  534. 

Sclerosis  of  nervous  system,  542. 

Season,  effects  of,  upon  disease,  7. 

Seborrhoea,  585,  591. 

Secretion  and  excretion,  difference  be- 
tween, 579. 

 nervous  control  of,  582. 

 internal.  See  Internal  Secre- 
tions. 

Secretions  :  contaminations  of,  580  ; 
external  and  internal,  580 ;  febrile 
alteration  of,  454. 

Sedimentation,  phenomenon  of.  See 
Pfeiffer's  phenomenon,  and  Agglu- 
tination. 

Senescence  and  calcification,  523. 

Sensation  and  course  of  inflammation, 
288. 

Septic  cellulitis,  314. 

Septicsemia,  clinical  and  bacteri- 
ological, 323  ;  micro-organisms  in, 
323. 

Sequestrum,  328. 

Sera,  antibacterial  and  antitoxic,  399  ; 

specificity  of,  410. 
Serum  :  composition,  187  ;  germicidal 

properties,     398  ;    tonicity,  193. 

See  also  Blood-serum. 
 anti-diphtheritic,  preparation 

of,  388. 

 typhoid  and  agglutination,  401, 

417. 

Serum-albumin,  amount  of,  in  blood- 
serum,  187. 

"  Setting  "  of  thermotaxic  centre,  465. 

Sex-glands  and  internal  secretion,  693. 

Shivering  and  superficial  temperature, 
466  ;  and  thermogenesis,  428. 

Shock :  after  extensive  burns,  766  ; 
and  liability  to  infection,  385  ;  anuria 
in,  647  ;  explanation  of  symptoms 
in,  482  ;  followed  by  collapse,  480. 

 and  collapse,  hypothermia  in, 

439,  441  ;  symptoms  of,  477. 

Sibillus,  712. 

Siderosis,  527. 

Sight,   loss  of,  in  diabetes,  619  ;  in 

ureemia,  650. 
"  Simple  "  fracture  of  bone,  363. 
Sinus,  340. 

Skin-grafting,  341  (note). 
Slough,  328  ;  separation  of,  330. 
"Slumber  cells,"  347. 
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Snake  venom  and  passive  immunity, 

389. 
Sneezing,  702. 

Sodium  biurate  and  quadriurate,  661. 
 chloride,  initial  rate  of  osmosis 

of,  204  ;  lymph-flow  after  injection 

of,  208. 

  salts,  percentages  in  various 

tissues,  662. 
Softening  of  thrombi,  144. 
Spasmodic  asthma.    See  Asthma. 
Specific    gravity    of    blood  :  after 

haemorrhage,  159  ;  and  coagulation, 

145  ;  in  chlorosis,  165  ;  in  pernicious 

anaemia,  164. 
Specificity  of  sera,  410. 
Spermatic  influence,  theory  of,  555. 
Spinal  cord,  glycosuria  after  lesions  of, 
,619  ;  secretion  of  urine  after  section 

of,  581. 

Spine,   curvature    of,    and  modified 

respiration,  733. 
Spirillum,  13. 

Spleen :  and  haematopoiesis,  178  ; 
and  hyperthermia,  435  ;  lardaceous 
changes,  516  ;  removal  and  infection, 
385. 

Splenic  anaemia,  173  (note). 
Spleno-medullary  leuchfemia.  173. 
Spores,  inoculation  of  toxin-free,  397. 
Spore- formation  in  bacteria,  16. 
Staining,     differential,     of  colloid, 
mucoid,  and  hyaline  material,  521. 
Staphylococcus,  13. 

Starvation :  hypothermia  in,  441  , 
respiratory  quotient  in,  431  ;  waste 
of  tissues  in,  245, 

 : —  and  oedema  compared,  245. 

 of  tissues  and  lymph-flow,  226. 

 of  tissues  in  inflammation,  and 

gangrene,  328. 

Stasis,  264. 

Steapsin  in    fat    necrosis,    507  ;  in 

steatorrhoea,  615. 
Steatorrhoea,  613. 

Stenosis  :  of  air  tubes,  intra-  and  extra- 
thoracic,  716  ;  of  aortic  valve,  61  ; 
of  mitral  valve,  62,  71  ;  of  larynx 
and  trachea,  707. 

Stertorous  breathing,  736. 

Stimuli,  action  of  extrinsic,  on  respira- 
tory centre,  760. 

Stimulus  :  effects  of  different  kinds  on 
cell-proliferation,  353  ;  necessary  for 
hypertrophy,  539. 

Sting  of  bee,  resolution  of  inflammation 
caused  by,  294. 

Stomata  in  blood-vessels,  240. 

Streptococcus,  13. 

Stridulous  breathing,  707. 

Submaxillary  gland,  blood-pressure  and 
secretion  of,  582. 

Sudamina,  455. 


Sugar  :  amount  in  blood,  605  (note)  ; 
and  gout,  665  ;  fate  in  body,  623  ; 
in  urine,  618  et  seq.  See  also  Dia- 
betes and  Glycosuria. 

 and  salt  solutions  for  trans- 
fusion, 495. 

Sulphuretted  hydrogen,  poisoning  by, 
747. 

Sunstroke,  433,  434,  448. 
Suppression  of  urine,  647  ;  absence  of 

dropsy  in,  235. 
Suppuration  and  lardaceous  change, 

514,  517. 

Supra-renal    bodies    and  Addison's 

disease,  688. 
 extract,  physiological  action  of, 

690. 

"  Surgical  kidney,"  646. 

Susceptibility :  acquired,  384  ;  and 
alkalinity  of  blood,  451  ;  and  im- 
munity, 382  et  seq.  ;  individual 
natural,  384  ;  inherited,  390 ;  nat- 
ural, 383  ;  of  diabetic  patients,  620. 

Sweat :  excessive  formation,  590  ; 
secretion  in  fever,  455. 

 glands  as  thermolytic  agents, 

423. 

Sweating :  cessation  of,  and  hyper- 
thermia, 434  ;  nerves  concerned  in, 
582. 

Symbiosis,  37  ;  and  infection,  397. 
"  Synapsis,"  532. 

Syncope :  during  immersion,  768  ;  in 
Addison's  disease,  688  ;  in  obstruc- 
tive anuria,  657. 

Synopses:  Chapter  II.,  11;  Chapter 
III.,  47  ;  Chapter  IV.,  93  ;  Chapter 
V.,  139;  Chapter  VL,  185; 
Chapter  VII.,  257;  Chapter  VIII., 
292;  Chapter  IX..  373;  Chapter 
X.,  419;  Chapter  XL,  477; 
Chapter  XII.,  498;  Chapter  XIII., 
578  ;  Chapter  XIV.,  699;  Chapter 
XV.,  762. 

Syphilis  :  anaemia  in,  167  ;  and  lar- 
daceous change,  514,  518  ;  human 
susceptibility  to,  383  ;  mediate  and 
immediate  contagion  in,  377. 

 congenital ;  blood  changes  in, 

168  ;  infection  in,  390  (note). 

T 

"Tabby-cat  striation,"  179,  510. 

Tachycardia  in  dyspepsia,  etc.,  87  ; 
in  exophthalmic  goitre,  686. 

Tachypnoea,  cardiac,  737  ;  from  super- 
ficial warmth,  741. 

' 4  Tactile  sensibility  "  and  migration  of 
leucocytes,  275. 

Tattooing,  527. 

Temperature :  and  antagonism  of 
drugs,  7  ;  and  bacteria,  27. 

3  E 
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Temperature,  classification  of  febrile, 
444  ;  critical  fall,  446  ;  diurnal  varia- 
tions, 424;  experimental  variations  in 
mouth,  429  ;  external,  and  respira- 
tory quotient,  432  ;  high,  and  fatty 
changes,  511  ;  of  blood  in  hepatic 
and  portal  veins,  422  ;  of  deep  and 
superficial  parts,  426  ;  pseudo-critical 
fall,  447  ;  reduction  by  antipyretics, 
464  ;  rise  in  fever,  469 ;  superficial, 
and  shivering,  466 ;  variations  in 
health,  423. 

Testes,  and  internal  secretion,  693. 

Tetanus :  and  symbiosis,  38,  397  ;  in- 
jection of  toxin-free  spores,  397  ; 
in  man  and  lower  animals,  381. 

Theories  :  of  Cheyne-Stokes  respira- 
tion, 758  ;  of  diabetes  mellitus,  629; 
of  fever,  465  ;  of  immunity,  401  ; 
of  inflammation,  367  ;  of  tumour- 
formation,  555. 

Thermogenesis,  420  ;  in  diabetes,  630  ; 
in  cerebral  apoplexy,  437. 

 and    thermolysis :    after  hot 

bath,  432  ;  relations  between,  424. 

Thermolysis,  423. 

Thermotaxis :    as  a  reflex  act,  429  ; 

fever  a  fault  of,  465. 
Thirst :  and  susceptibility  to  infective 

disease,  385  ;  death  from,  769. 
Thorax,  rigidity  of,  and  respiration, 

733. 

Thrombosis :  as  cause  of  ischsemia, 
113  ;  blood  factors  in,  142  ;  septic, 
and  pyaemia,  323  ;  vascular  condi- 
tions of,  113. 

Thrombus,  appearances  of,  143  ;  fate 
of,  144. 

Thyroid  body :  changes  in  cretinism, 
681  ;  changes  in  goitre,  681  ;  relation 
to  pituitary  body,  684,  690. 

 extract,  683,  684,  685. 

Thyroidectomy,  experimental,  683  ; 
hypothermia  after,  441. 

Thyroiodin,  685. 

Tissues :  importance  in  oedema-forma- 
tion, 225  ;  specific  gravity  in  apo- 
coptic  plethora,  491  ;  specific  gravity 
in  collapse,  485  ;  specific  gravity 
after  transfusion,  493. 

 and  blood-vessels,  physiological 

relations  of,  225. 

 changes  in  inflammation,  282. 

 destruction,  products  of,  and 

fever,  463. 

"Tissue-respiration,"  513. 

"  Tissue- tension,"  and  cyst-formation, 
574  ;  and  hypertrophy,  540  ;  and 
new-growths,  569. 

Toluylenediamin,  effects  of  poisoning 
by,  674. 

Tongue :  hemiatrophy  of,  533  ;  in 
febrile  disease,  449. 


Toiulse,  12  ;  and  sarcoma,  565. 

Toxic  anaemias,  162. 

Toxins  :  and  antitoxins,  411  ;  and  cells, 
510  ;  and  febrile  temperature,  462  ; 
conditions  modifying  formation,  26  ; 
graduated  doses  and  immunity,  388; 
influence  upon  infection,  397.  See 
also  Bacterial  toxins. 

Trachea,  disorders  of,  and  modified  res- 
piration, 702,  707* 

Transfusion,  488. 

Transmission  of  new-growths,  561. 

Traube-Hering  curves :  and  Cheyne- 
Stokes  respiration,  760  ;  in  asphyxia, 
751  ;  in  dyspnoea,  753. 

Trauma  and  new-growths,  556,  558. 

Trichina  spiralis  and  modified  respira- 
tion, 734. 

Trophic  influences  and  inflammation, 
289. 

"  Trophic  nerves,"  502. 

Tropics,  heat  production  in,  428. 

Tubercles,  calcification  of,  523. 

Tuberculosis  :  and  predisposition,  390; 
compared  with  carcinomatosis  and 
sarcomatosis,  560  ;  giant-cells  in, 
356  ;  natural  immunity  and  suscep- 
tibility to,  383  ;  recent  decrease  in 
England,  386.   T-MTS  ^ 

 pulmonary  :  albuminuria  with, 

457  ;  and  pleural  effusion,  726  ;  and 
pleurisy,  724  ;  and  pneumothorax, 
729  ;  blood  changes  in,  167  ;  oedema 
in,  230  ;  respiration  in,  719  ;  seasonal 
variation  in  activity  of,  7  {note). 

Tubules,  renal,  and  albuminuria,  608, 

Tumours.    See  New-growths. 

Tympanites,  effect  upon  respiration, 
734. 

Type,  change  of,  in  infective  disease. 
380. 

 maintenance  of :  by  epithelium, 

342  ;  by  new-growths,  553. 

Typhoid  fever,  relapses  in,  417  ;  res- 
piration in,  700  ;  water  and  epi- 
demics of,  378. 

 fever  and  cholera,  toxins  in, 

382. 

 infection  in  man  and  animals, 

381. 

 serum  :  and  agglutination,  401; 

degree  of  dilution  in  agglutination, 
417  {note). 

u 

Ulcekation  :  process  of,  330. 

 and  caries,  apparent  differences 

between,  339. 

 and  formation  of  fistulas,  677. 

Ulcer :  chronic  gastric,  334 ;  faecal, 
639  ;  "  indolent,"  333  ;  later  changes 
in,  332  ;  perforating,  334  ;  treat- 
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ment  of  indolent,   301  ;  typhoid, 

330  ;  varicose,  265,  333. 
Ulcerative  colitis,  haemorrhage  in,  594. 
Uninuclear  cells  :  origin  of,  in  repair, 

346. 

Uraemia,  650  ;  dyspnoea  in,  740. 

Urataemia,  660,  663. 

Urea  :  and  sugar  excretion  in  diabetes, 
636  ;  excess  in  diabetic  urine,  620  ; 
experimental  formation  in  kidney, 
657  ;  formation  by  liver,  655  ;  for- 
mation by  tissues  other  than  liver, 

655  ;  initial  rate  of  osmosis,  204  ; 
intra-vascular  injection,  651  ;  in 
uraemia,  651  ;  lymph-flow  after  in- 
jection of,  208  ;  output  after  nearly 
complete  extirpation    of  kidneys, 

656  ;  output  in  fever,  461  ;  output 
in  phosphorus-poisoning,  512. 

Ureters,  dilatation  of,  646  ;  experi- 
mental ligature  of,  622,  657. 

"Urethral  fever,"  439. 

Uric  acid  :  alkaline  salts  of,  661  ;  and 
leucocytes,  461  ;  excretion  in  gout, 
659  ;  excretion  in  lead-poisoning, 
666  ;  output  in  health  and  in  fever, 
460  ;  output  in  uraemia,  651 ;  source 
of,  in  gout,  664. 

Urine:  albumoses  in,  458;  "am- 
moniacal,"  680  ;  diminution  in  in- 
testinal obstruction,  640  ;  effects  of 
blood-pressure  on  secretion,  581  ; 
incontinence,  etc.,  in  fever,  458; 
intestinal  bacteria  and  constituents 
of,  764  ;  intra-vascular  injection  of, 
651  ;  nitrogen  in  health,  460  ;  pres- 
ence of  bacteria  in,  678  ;  presence  of 
bile-salts  in,  674  ;  presence  of  in- 
dican,  etc.,  in,  677  ;  retention  of, 
642  ;  salts  in  febrile,  457  ;  suppres- 
sion of,  647.  ■  , 

 characters    of :    in  chyluria, 

616  ;  in  diabetes  insipidus,  587  ; 
in  diabetes  mellitus,  620  ;  in  dia- 
betic dog,  625  ;  in  dogs  with  Eck's 
fistula,  654  ;  in  fever  (ague),  456  ; 
in  gout,  659  ;  in  hematuria,  596  ; 
in  haemoglobinuria,  597. 

 in  nephritis,  composition  of,  610. 

 absolute  retention  of,  643. 

 and  urea  excretion  after  nearly 

complete  extirpation  of  kidneys,  656. 

 partial  retention  of,  644  ;  later 

effects  of  partial  retention,  645. 

Urobilinuria,  163,  164. 

Uschinsky's  culture-medium  35  (note). 

Uterus  :  after  parturition,  529  ;  new 
formation  of  muscle-fibres,  353  ; 
tumours  of,  and  retention  of  urine, 
642. 

V 

Vaccination  and  smail-pox,  387. 
Vaccinia,  generalised,  324. 


Vagus  and  secretion  of  oxygen  in  air- 
bladder  of  fishes,  722. 

  action  in  asphyxia,  77. 

 stimulation  of  :  and  heart,  482  ; 

and  gastric  secretion,  583  ;  and 
pancreatic  secretion,  631  (note)  ;  and 
respiration,  713. 

Valves.    See  Heart-valves. 

Variola,  inoculation  for,  387  ;  scarring 
in,  352. 

Vasomotor  and  thermotaxic  centres, 

relations  of,  429. 
"  Vegetations"  on  cardiac  valves,  56. 
Veins  :  dilatation,  96  ;  ligature  and 
congestion,     129  ;     ligature  and 
oedema,  217. 
Venous  blood-pressure  and  output  of 

lymph,  239. 
 congestion  and  oedema,  experi- 
ments on,  217,  223. 
pulsation,  135. 


Ventilation,  deficient,  effects  of,  745. 
Vibrio,  13. 

Vicarious  menstruation,  678. 
Virulence,  and  occurrence  of  infection, 
395. 

"Vital,"  meaning  ascribed  to  word, 255. 
Vomiting,  focal,  640. 

W 

Wandering  cells,  149  et  seq.  See  also 
Blood  -  corpuscles,  colourless,  and 
Leucocytes. 

Wasting  in  febrile  disease,  449. 

Water  as  a  carrier  of  infection,  378. 

Waxy  degeneration.  See  Lardaceous 
change. 

Weight,  gain  of,  by  infants,  500  (note). 

"White  softening,"  105. 

Work- hypertrophy,  537. 

Wound  :  healing  of,  358  ;  healing  of 

an  aseptic,  359  ;  healing  of  a  septic, 

361. 

 granulating,  gradation  of  repair 

in,  300. 
Writer's  cramp,  531. 

X 

Xanthin  bases  in  health  and  fever, 

461  ;  in  uraemia,  651. 
Xeroderma,  593. 
Xerostomia,  593. 

Y 

Yeasts,  12. 


Zenker's  degeneration,  521. 

Ziegler's  "cells,"  344. 

Zones  :  around  inflammatory  foci,  264, 
302  ;  of  demarcation,  331  ;  of  poten- 
tial repair  in  ulceration,  332  ;  of  re- 
pair in  healing  of  fractured  bone, 
364  ;  of  repair  in  healing  of  wounj 
359,  362. 
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late  Medical  Superintendent  of  the  Leper 
Asylum,  British  Guiana.  Imp.  8vo,  with 
.  22  ,  Lithographic  Coloured  Plates  and 
Wood  Engravings,  £1  Us.  6d.  ;  £) 


LONDON:  7,  GREAT  MARLBOROUGH  STRE^X. 


J.  Sr  A.   CHURCHILL'S  RECENT  WORKS. 


i  j 


Diseases  of  the  Skin 

(Introduction  to  the  Study  of).  By 
P.  H.  Pye-  Smith,  M.  D.,  F.  R.  S., 
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Urinary  Diseases  :  their  Diagnostic 
Significance  and  Treatment.  8vo,  with 
36  Illustrations.  :  8s.  6d. 
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Senior  Surgeon  to  the  St.  Mark's  Hos- 
pital for  Fistula  ;  and  F.  SwiNFORD 
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M.A.,  F.R.S.,  and  W.  F.  R.  Weldon, 
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Fourth  Edition.    8vo,  15s. 

Photo- Micrography 

(Guide  to  the  Science  of).  By  Edward 
C.  Bousfield,  L.R.C.P.  Lond.  8vo, 
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